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This Jobun Bean Visubalancer—for checking out 
of-balance automobile whee! wees a TOCCO 
hardened maim shaft (shown above) to mure 
dong life of wearing surfaces 


with TOCCO Induction Heating 


@ If your plant operations include hardening, brazing, soldering or 


heating for forging of ferrous or non-ferrous metals, savings such as 


experienced by John Bean Division of Food Machinery and Chemical 


Corporation can probably be accomplished in your plant, too. 


romical—Cost of hardening this 
shaft was reduced by $2.00 when TOCCO re- 
placed conventional heat-treating methods 
rOCCO also made possible redesign of shaft 
which reduced its weight 124% lbs.—a very im- 
portant additional savings 


Fest—Entire heating and quenching 
cycles take only seconds, floor to floor time less 
than a minute. Production is 70 per hour, using 


100 KW, 10,000 cycles 


t Distortion is no longer 


THE OHIO CRANKSHAFT COMPANY 


automatic TOCCO doesn't 
just those areas which re- 


a problem because 
heat the whole shaft 
Rejects due to variation in 
LOCCO is 


- produces identical results — on two 


quire hardening 
heat-treating are eliminated because 
automatic 
parts or two million 


TOCCO | ir 


prob bly find applica 
tions in your plant, too, where TOCCO Induction 
Heating can increase Output and cut unit costs 
Such a survey costs you nothing—and may save 


you a great deal 


THE OHIO CRANKSHAFT CO. 
Dept. 8-4, Cleveland 1, Ohie 


inew FREE 
BULLE , 


Please send copy of “A TOCCO P 
Your Protit Possibili 
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how MICROCASTINGS 
SAVE SCRAP AND TOOL BREAKAGE 
ne ew 
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a4,  —? Gate Val 

Utilization. Stainle ve Wedge 

Alloy: Ss Stee] Vv 


T alves 
Weight: “i 316 Stainless Steel 
rams 


The Microc 

nis intricate) press is idea] fo 
*€rocastings Har an The nlForaty 
jreakage as cone - ; 

- The cro 
se uPlete to 

their prone 


blueprj 
Of the 


r Seating j 


GS ing 
r 
nt der 


© valve. 


Precision Cast Parts for Tough Jobs 


‘Forward-looking design engineers find that Micro- 
cast tor small components offers many opportual 
ties for product improvement and substantial savy 
ings in cost. This is particularly true where resist 
ance to wear or corrosion is desired with the high 
melting-point alloys and where the part is of intri 
cate shape, requiring expensive machining opera 
tions under conventional production methods. Per 
haps your products present a problem Microcast 
can tackle 


Write for Free Booklet. More complete information on 

Microcast is contained in a 16-page booklet published MICROCAST DIVISION 
by Austenal Laboratories, Inc., originators of the Micro 

cast Process. This valuable booklet is fully illustrated AUSTENAL LABORATORIES, INC. 
and describes many applications for Microcasting as well 224 East 39th Street * New York 16, New Vork 
as a step-by-step description of the process itself. Write 715 East 69th Place ° Chicago 37, Illinois 
for your copy today 
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“Sems" maker cuts tool costs; 
lengthens production runs 10 to 40% 


9 


TLEEDS & NORTHRUP CO. 
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ONE TOOL ONE DRAW 
Thin or Thick Material 
THE GLENN L. MARTIN COMPANY 


Baltimore, Maryland 
and 


HYDROPRESS, INC. 


New York, N. Y. 
announce 


MARFORMN 
THE NEW DEEP DRAWING AND PRECISION 
METAL FORMING PROCESS 
permitting 


® Reduced Tool Costs ° Economical Production, Regardless of Quantities 
FOR DETAILED INFORMATION WRITE TO: 


HYDROPRESS - INC. 


ENGINEERS CONTRACTORS 


HYDRAULIC PRESSES - ROLLING MILLS - PUMPS 
ACCUMULATORS - DIE CASTING MACHINES 
570 LEXINGTON AVENUE + NEW YORK 22 + N.Y 


4INGTON { « 


Deeper Draws 


DETROIT SAN FRANCISCO SEATTLE 
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OMT ACTOR WORKING 
ants OF BATH EXPOSED 


minemum heat bess 





Company 
Die Compony 


THE Preferred Practice 


FOR HARDENING TOOLS ANDDLES ===" 


creased as Much as 30% 


° 
Fs Products 4) 


High Speed, High Carbon-High Chromium, Stainless and Carbon Steels 


“ 


3 mposing array 
i's leading makers of high 
i dies adopt the same heat 
i and equipment, you 
can un n it that there s a reason 
several reasons in fact 


Productive capacity is two or three 
times that of other heat treating 
methods because of faster heating 


Distortion is negligible 


Surface protection is unsurpassed 
because the salt bath seals the work 
automatically from all atmosphere 
Scaling, decarb and pitting are avoided 
Typical installation for hardening high speed 
P tools Preheat, high heat and quench furnaces 
i loser, more 
Temperature control is —, a The center unit operating at 2350°F is equipped 
with submerged electrodes (see illustration 
more than 5 F.in any part ofthe bath upper right), Preheat end quench 
‘ se “ suspended electrodes 


accurate. The temperature will not vary 


The life of tools isincreased from 2 ‘ . 

c meee tie _ . alloy tool and die steel. Moreover, it 
to 3 over tnose heated by ordinary . . 
methods occupies less floor space, does not re- 
quire a skilled operator and provides 
Adaptability. The Ajax Salt Bath han- maximum protection and long life for 
dles any type of high speed, carbon or pots 


Write for Ajax Bulletin 123 
AJAX ELECTRIC COMPANY, INC. Leake P ine 
910 Frankford Avenue, Philadelphia 23, Pa. pam 


MAN i. RIC HEA . . RNA 


in Canada: Canadian General Electric Co., Lid., Torento, Ont. Easier Chargi g@ and Dis- 
Pat ‘ 


ciate Companies Ajon Metal Co. « Ajga Electrix Furnace Corp 


Ajan Electrothermic Corp. © Ajoa Engineering 1p charging 


ELECTRIC ;:;, FURNACES 
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specia PuRPOs 


FORMING — COLO 


Here’s how it works: 


ly use the Selector. all vou nes 


teristt« with thre 


Vie tal Progre SS; 


Here’s an example: 


Application—Deep drawing die for steel 


Major Class— Meta! Forming —Cold 
Sub-Group — Special Purpose 

Tool Characteristics —Wear Resistance 
Tool Steel —Airdi 150 


| 
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to select tool steels 


Get the right answer instantly 


The CRUCIBLE TOOL STEEL SELECTOR uses the only logi characteristics and back your judgment with a costly 
cal method to select the right tool steel right from the trial experiment 

start! Your own experience tells you that the application And here’s an important production point! ALL the 
should dictate the choice of the tool steel... and Crucible tool steels on the Crucible Tool Stee! Selector are in 
has applied 50 years of tool steel leadership to adapt warehouse stock that means when you get the an 
this idea to the simplest, handiest instrument you ve swer, you can get the steel fast! 

ever used—the Crucible Tool Steel Selector. Put an end 


Send for your selector today 


u'll we » CRUCIBLE TOOL STEEL SELECTO 
tooling up. a turn of the Selector gives you the right You'l ant the iBI ' ' R 


to costly trial and error tool steel selection. When vou're 


and we want you to have it! Remember—nothing you've 
answer—instantly 


seen before upproaches your tool steel problems so sim 


Satisfactory in every case 


ply and logically! 

Now vou can start with the ipplic ation. and the answer 

you get from the Selector will prove satistactory wu SS a 
very cas for the Crucible Tool Steel Selector covers 

he am ; ' ; say — Crucible Steel Company of America 

Dept. MP, Chrysler Building 

New York 17, N. Y 


2? Tool Steels which fit 98‘ of all Tool Steel applic a 


tions. You no longer need to start with a steel of known 


Gentlemen 


Sure! | want my CRUCIBLE TOOL STEEL SELECTOR! 


Company 


a 


Street 


State 


— ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee 


mail this now | 


= bene eee ean nanmaaneanvand 


RUCIBL first name in special purpose steels 


filly years of | Fine steelmaking 


Branch Offices and Warehouses: ATLANTA BALTIMORE BOSTON + BUFFALO + CHARLOTTE - CHICAGO CINCINNATI CLEVELAND DENVER 
DETROIT HOUSTON, TEXAS INDIANAPOLIS + LOS ANGELES - MILWAUKEE NEWARK - NEW HAVEN NEW YORK « PHILADELPHIA - PITTSBURGH 
PROVIDENCE - ROCKFORD - SAN FRANCISCO - SEATTLE - SPRINGFIELD, MASS ST. LOUIS - SYRACUSE - TORONTO, ONT. - WASHINGTON, D. C. 
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ACME Automatic Straightline Polishing and Bufhng 
machines offer a dependable solution to the problem of 
securing minimum finishing costs on many types of work 

Highly flexible as to size and arrangement, these high 
production machines range from 10 feet to 120 feet in 
length with many effective arrangements of adjustable 
floating head polishing and buffing lathes, belt heads, 
conveyors and camming and indexing fixtures 

These modern, highly efficient machines are the result 
of nearly 50 years of specialized experience and develop 
ment and, on work lending itself to this type of 
handling, ACME Straightlines can be relied upon to 
deliver high production and uniform quality finish at 
very low unit costs 

ACME Automatics cut high cost man-hours to a 
minimum and can play an important part in holding 
production costs down on finishing operations 
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*ACMES” are built to exacting standards for dependable performance! 


‘Acw 3 Manufacturing Lo. 


muvesart 1645 HOWARD ST. DETROIT is tdi 


BUFFING " 
MACHINES Crd 0k AUTOMATIC POLISHING AND BUFFING MACHINES FOR OVER 30 YEARS 
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Operation C 


Form Cutting 






years (444 
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proved in service: 


Milling 


thread rolling dies 
red three 
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Core Drilling 


Tool and Die Steels 


Operation H 


Operation G 


Blanking 
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: COSTING YOU? 
a 


The quenching stage of your heat-treating process is the point 
which determines (1) the final quality of your product . 
(2) the amount of time and material wasted by below-standard 
rejects... and (3) your ultimate operating costs. 

You can protect yourself against needless production losses by 
installing a B & G Self-Contained Hydro-Flo Oil Cooler. This 
unit will provide the accurate control of conditions in the quench 
tank which assures uniform quality in the finished product 

The generous heat transfer surface in B & G Self-Contained 
Hydro-Flo Oil Coolers provides large capacities in comparatively 
small, compact units. They are completely factory assembled, 
ready for immediate installation and operation. 


Tell us about your quenching problems—we'll be glad to offer 
engineering counsel and recommendations. 


oeEtee | Hydro-fic 


Guves complete de 
scription and quick 


telection, tables. to OIL QUENCHING SYSTEMS 
BAG “SM Series 
Hydre-Fle Oil 


Coolers 


BELL & GOSSETT COMPANY 
Dept. BM-16, Morton Grove, Illinois 
Heat-treating equipment since 191 
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WHAT’S THE SECRET OF 


THIS BEAUTY 


THAT ABRASION CAN’T STEAL? 


Even if the plating wears off, tableware keeps its beauty—when 
it’s fashioned of Riverside Nickel Silver. 


This tough, close-grain metal is silvery white clear through, shows 
no ugly patches when the surface plating goes. And that happens 
less frequently because Riverside Nickel Silver permits a smooth, 
uniform plate without preplating or flash coating. 


The world’s leading manufacturers of flatwear use Riverside 
Nickel Silver for plated products. Other manufacturers use it for 
jewelry, slide fasteners, keys, surgical appliances— because this 
alloy is non-corrosive, inherently tough, easily worked, and avail- 
able in grades from dead soft to stock of extreme spring temper. 


If you have a problem involving Nickel Silver, Phosphor Bronze, 
Cupro Nickel or Beryllium Copper—send the case history to 
Riverside. In cooperation with your tech- 
nicians, Riverside metallurgists will 
review specifications, properties and fabri- 
cating methods; recommend a specific solu- 


- 


phosphor 
bronze 


tion; and produce an alloy to meet your RIVERSIDE niches silver 
requirements. Be sure to get your copy 


of Riverside’s new Handbook. 


ALLOYS cupro nickel 


beryllium 


FREE — Send for this Pocket- copper 
size Alloy Handbook and Guide AMloys chvalipes ly anccaecl, panvad ty ats 


to Specification. { 


XQ 
a 


f 


/ THE RIVERSIDE METAL COMPANY 


Riverside, New Jerey 
Mewerk, MJ. © Clev Ome we 
Hertiond, Conn. * toaeae, MY, Bp mmey hg 


. & Export Agent International Brass & Copper Co., Inc., 52 Broadway, New York City 
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HEAT TREATMENT 


Automobile camshafts require a very hard wearing surface where Are you taking full advantage of the 


they make millions of contacts with valve lifters. This is read extraordinary combination of useful 


ily achieved by flame hardening and quenching of the Gray properties offered by Gray Iron? 
Iron castings These characteristics include 

Gray Iron also responds to induction hardening and other 
standard heat-treatments. Wear resistance can be increased up to Castability 
many times that of the conventional as-cast material Rigidity 


Because of its unique structure, Gray Iron can be hardened with Low Notch Sensitivity 


minimum distortion, otten with no Necessity tor subsequent stress Wear Resistance 


relief or dimensional correction, Heat Resistance 
Corrosion Resistance 
Machinability 

Vibration Absorption 
Make It Better With Gray Iron 


Durability 
Second largest industry in the metal-working field Wide Strength Range 


GRAY IRON FOUNDERS SOCIETY, INC. 


NATIONAL CITY-E. 6th BLDG, CLEVELAND /4, OH/0 


Vetal Progress; Page 568 





TURBO 
COMPRESSOR 
APPLICATIONS 


bow nea ee 


BULLETIN No. 126 


Foundry 


ULLETIN No. 109 


. ‘a | BULLETIN No. 112 
Fas Cooster | _ _ 


_ 9 


359-G 
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How many of these Accessories 
are YOU using in your TESTING PROGRAMS ? 


| 
RECORDERS | EXTENSOMETERS GRIPS 


For testing ™4- | For use with rec orders. | ay Templin Type illustrated 











chines of all makes, High and low magninhca wedge jaws with replace 
including the new tion, of many tyPe> als« able file-tace inserts, OF 


universal open Itt nt. Bulle 


\ 
MD.2 type with ) 
self contained load | , t 262 


compressometers Bulle 


recording system 
Bulleun 2¢ 


Di FLEXURE — m4 - COLD BEND TESTER 
EXTENSOMETERS ot span lengths ie | Equipped wi th 13 pins, 


° 1: , 
Available tor t yund of flat ‘for specimens UP TO ae to 3%" aia Bends round 


specimens, in regu jar or av ’ 2 idth and depth for } | se \ - ares 4 u 


eraging types stecti s and other mate y | 


Bul lletin 26 4 
as 1 rials. Bulletin 262 pA 





AIR CELLS CONTROLLED TEMPER ATURE 
With Bourdo n gage of TE Prevents buckling of CA ABINETS 


indicators capacities of 2 Ibs sheet. Accomm dates : Fi S-T-I 


to 1200 Ibs. f ull scale. Use | ora 1s up to .d 
with cesung mac hine or any ® hick 2” 
load-appliet Bulletin 262 Bulletin 261-/ 




















FURNACE as LOAD a: PROGRAM CONTROLLER 


kone aa - ae hn as wae ate ome ae Oe 


AND CONTROLS 

For high-temperature > olds load ith tv elect 1 speeds. Of esp* 1a erest tot 
rensile resung Ut 

}BOU orf 2000 


Bulletin 


Centers fo Gives reau 

nens— mark rers itt ‘ specimen quics 
, ° ° 

adjustable t 1 bot : ( curately. Metri 


sides with pus! ot handl <> sired. Bulletin <9 A 


sey Bulletin 261 


The items show 
own. merely suggest the many Baldy 
| aldwin 
that can make } 
even more valuabl a 8 
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For lightweight rigid construction 


you can’t beat die castings of Dow 




















UIAIGLEES TUN 


the world’s lightest structural metal! 





























Magnesium die castings have ipphed an economical 
answer to many tough desig 


nrolbl 
| ) 


\ 


Magneswum Division 


THE DOW CHEMICAL COMPANY + MIDLAND, MICHIGAN 


@ + Washington + Alle . 
jouston + Sen Franc 
Dew Chemical of Ceneda, Limited, Torente, Conede 


Many applications prove magnesium 


sound and economical 


mar product Magnesium Light! 
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fSinbeam < 


STEWAR][ 


THE BEST INDUSTRIAL FURNACES MADE 


GALVANIZING WATER HEATERS 


At A. O. Smith Corporation, Kankakee, Illinois, Works 


SUNBEAM STEWART 
INDIRECT HIGH-SIDE FIRED (Gas) GALVANIZING SETTING 


a RON 
1 








Improved design and correct engineering have made 
the leader for galvanizing equipment. Burners fire against a protective 
baffle and provide a uniform flow of hot combustion gases to the upper 
part of the kettle. The gases travel downward to a point slightly above 
the dross where they are exhausted. This principle of High-Side Firing 
provides close temperature control and even heat distribut 


Available 
for ga r oil fuel. This type of desigr 


UNIFORM BATH TEMPERATURE 
LOW DROSS LOSS 

MAXIMUM PRODUCTION RATE 
LOW FUEL CONSUMPTION 
LONG KETTLE LIFE 


Sunbeam Stewart Galvenizing Equipment at A. O. Smith 


tion 8 hrs. per day, plus, depending upon manufacturing 


10 sets (shell, 2 heads, ! flue) are processed per shift 


This is Number 99 in a series of typical installa- 
tions demonstrating the wide variety of specific 
requirements in the metal-working industry 
Sunbeam Stewart furnaces are designed to meet. 


A. O. Smith is one of many satisfied users of 
Sunbeam Stewart golvanizing furnaces. Quality 
of work and low cost of maintenance and opera- 
tion are key factors in Sunbeam Stewart's design 
that have proved their worthiness year after 
year. Users report dross loss as low as 5% and 
kettle life up to 6 years. If galvanizing is impor 

tant in your manufacturing process, it will pay to 
consult Sunbeam Stewart. Designs are available 
for small or large production. We will be glad to 
submit ideas on how you can get more economical 
operation. 


SUNBEAM STEWART INDUSTRIAL FURNACE DIVISION of SUNBEAM CORPORATION 


(Formerly CHICAGO FLEXIBLE SHAFT CO 
New York 19 — Detroit Office: 3049 E. Grand Bivd., Detroit 
Canode Factory: 321 Weston Rd., So., Toronto 9 
tien etoils on SUNBEAM S 


NBEAM STEWART engineer will be glad to call and discuss your heot treo 


Main Office: Dept 


A letter, wire or ‘phone call will promptly bring y 


especially designed to meet yo needs 


108, 4433 Ogden Ave., Chicago 23 — New York Office: 322 W. 48th St 


TEWART furnoces, either units for which plans or 
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Why 3 Different 


Bi ]} ! Super Refractories Are Used 


WM 


meses were 





ilanced, efficient operation 


. heater, three different 


Why Are They Called Super Refractories? 


yperties of } 


Physical Properties of Super Refractories by CARBORUNDUM 
CARBOFRAX —MULLFRAX MULLFRAX S ALFRAXK  ALFRAX B ALFRAX BI 


Silicon Carbide Electric Furnace  Convertad Electricelly Fused Alumine . earis , 
Melti . ' vet om ( A 








Ment Cantetiiay Super Refractory Slag Hole 
ot 2200" F. in 8TU/ ; 
yl oil a sthaaattta yeni lathe ore. Wee Biocks Assure Continuous Runs 


REFRACTORINESS 
PCE CONE 37-40 38-39 


SPALLING 


RESISTANCE High High 


ABRASION 
RESISTANCE High Medium 


THERMAL 

EXPANSION 0000044 
(75° — 1400" ¢) 

MODULUS OF 


RUPTURE 800-3125 100-250 
@ 160" F. PS 


WEIGHT 
9 18. STRAIGHT 9.25 Ibs. 9 ths. 























rundum Carbolrax Mail}rax Silfrax Aijrax’ avevegisierved trademarks which indicate manu) acture ] 


Address all correspondence to: Dept. C-50, THE CARBORUNDUM COMPANY, Refractories Division, Perth Amboy, New Jersey 


Continued on other side =~ 








+~— Continued from other side 


How Unique Properties of 
Super Refractory Paid Off 


Until ALFRAX 6& electrically fused alu 





mina brick were used to line the com 





bustion chamber of this rotary type 
abrasive grain dryer, the extremely 




















high temperatures developed quickly 
broke down the other lining materials 
Repairs and or rey lacements were Ie 
quired on an average of once a month 
However, after installing ALFRAX B 
brick, service life, was extended to two ‘ wEawner 
tase has a comparatively low heat conduc- materials are effected. Such benefits are 
tivity. As a result greater output is ob ty} ical when super refractories are cor- 
cessfully withstands extremely high tained, labor costs are way down and rectly applied to special applications 
temperatures, resists flame erosion, and onsiderable savings on replacement like this one 


Extra Efficiency Realized With Super Refractories 


The unique properties of super refra 
que proj I 


This super refractory material suc 


tories are used to excellent advantage 
in this Harper electric furnace to ob 
tain unproved furnace performance at 
lower fuel and repair costs. The CARBO 
FRAX silicon carbide hearth, installed 
in the hot zone of this continuous sin 
tering and brazing unit, offers high 
thermal conductiviry, resistance to abra 
Bion and high refractoriness. Heat is 
transmitted rapidly and uniformly to 
the work and the furna in be oper 
ated with a lower heat head thereby re 
lieving the severity of condit 


apc ag te retra ies. Th 


ife of the hearth is 


sumption lowered 
pla cement it 
ALFRAX K elect 
picrs suUpportin 
fully resist che 
fempecratures 


MULLFRAX 


cause of 
level floor at 


either end of t ho 


A Better Product Finish 
To obtain facts and figures on installa 


Because of Super Refractories ® tions in specific fields 
The t | ta t heets pre 


merely select 

from this list of bulletins. Copies will be 

sent you at once. No obligation, of course 

Super Refractories by CARBORUNDUM 
{general catalog) 


Super Refractories for 
Ceramic Industry 


Super Refractories for 
Process Industry 


Refractories for Boiler 


Super Refractories for 
Heat Treatment Furnaces 
g and Refractories for Gas Generat 
1fK h che ‘ OF spe i The Frox Line of Cements 
ARBOFRAX CARBOFRAX Refractory Skid Ro 


yus Media for Filtration & Diffusion 


Dept. No. C-50 
THE CARBORUNDUM COMPANY 
Retractories D 
PERTH AMBOY, NEW JERSEY 





SEVEN STRONG 
REASONS explain the 
trend to N-A-X HIGH- 
TENSILE steel in the 
HIGH-TENSILE STEEL manufacture of commer. 


cial vehicles. 


GREAT LAKES STEEL CORPORATION ice. ‘oir oF warionas see conroranon 
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MEET the family of Johns-Manville 


Insulating Fire Brick... 


Hers IS AN OUTSTANDING FAMILY of 


insulating fire brick for back-up or ex- 
the only family of its kind 

that gives you a complete range...a 
quick beating insulating fire brick for every 


posed use 


purpose 

By taking advantage of the quick heat- 
ing characteristics of these insulating fire 
brick, you'll benefit through important 
savings in fuel because of the quicker rise 
to proper operating temperature in the 


1600F to 2000F 
JM-1620 


For 2000F 


plane JM-20 


For 2300F 
JIM-23 


For 2800F 
JM-28 


NOW 


for a full 3000F 


furnace. This is a result of the low heat 
storage capacity and low thermal conduc- 
tivity characteristics of the brick. These 
factors are especially important where fur- 
naces are being intermittently operated. 

The same materials can also be obtained 
in large size units as Johns-Manville In- 
sulating Fireblok. This product has many 
advantages over the smaller size fire brick, 
from both a construction and stability 


standpoint. They can be quickly applied 


| JM-3000 


because they are easy to cut and fit. J-M 
Insulating Fireblok provide additional 
heat savings because they reduce the 
number of joints, and require less mortar 
for bonding. 

Why not have a Johns-Manville insula- 
tion expert call to tell you more about 
ways in which you can save by using these 
insulations in your furnaces. W rite Johas- 
Manville, Box 290, New York 16, N. ¥ 
for further information. 





Densities, Ib per cu 

Transverse Strengths, psi 

Cold Crushing Strengths, psi 

Linear Shrinkage, | percent 

Reversible Thermal Expansion, percent 


Conductivity’ at Mean Temperotures 
500 F 


1000 F 
1500 F 
2000 F 


Recommended Service 
Beck vp 
Exposed 
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Johns-Manville First in INSULATIONS 








4 Typical Machine Shop Reports: 


%o 


BETTER 
PRODUCTION 


Longer Tool Life 


Better Finish 


WITH J&L 
FREE-CUTTING “E”? STEE 


. THE NEW FREE-CUTTING BESSEMER SCREW STOCK 


Hundreds of proh 
thror 


t conscious machine 
shops ighout the metal-working 
have jal “E” 


Steel to ensure dollar Savings through 


industry switched to 
longer tool life and increased production. 
fre 
op whict 


Here’s a report m a 
? 


} 


typical inde- 
pendent s produced the parts 
shown actual Size att ght: 
“Jal, ‘E’ 

the 
cellent 


well 
obtat ed has been ex- 
A life 


have 


Steel machines very 
hnish 
has been in- 
able 
product on We 
all our 
Steel.” 


our to 


creased . we been to 


realize 33° better 
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are intereste d in 


Spec incations to you 


J&L “E” 


sO € nthusiasti ally 


These are reasons why 
Sreel has been 
thre 


others fe 


accepted uughout the industry. But 


there ot exhaus- 


are 


fhe ld 


ms pre 


ur years 
tive testing in 


ved 
Now 


ver 100 applica- 
J&L “rE” 


since 


ti Steel's supen- 


ority Steel has been 


on the market, 80°). of the new users 
report 
% Better Machine Finish 
* Longer Tool Life 
a Higher Speeds 
% Machinability Ratings up to 170 
% Better Response to Forming and 
Cold Work 
J&L “E” Steel is made in three grades: 
E-15, E-23, and F . each within the 


composition limits of the standard 


+4 


bessemer screw steels and with sumilar 
tensile properties. 

Investigate the production economies 
you gain J&L “E” Steel. 
Write today for your free copy of the 
booklet ‘ 
Finish... Longer Tool Life.” 
give additional 


on properties, 


can with 


Smoother 
It will 


information 


‘Faster Machining 


you 
grades and their 
equivale nts, and appli ations 

“EE” Steel (U.S. Pat. No 2,484,231 
is easily identihed by the distinctive 
blue color on the end of every bar. 


JONES & LAUGHLIN Steet CoRPORATION 


PRINCIPAL PRODUCTS: 
BARS AND SHAPES «+ 
ROLLED STRIP AND SHEETS « 
PRECISIONBILT"’ 


Jal 


PRODUCTS « 


HOT ROLLED AND COLD 
STRUCTURAL SHAPES « 


FINISHED 
HOT AND COLD 
TUBULAR, WIRE AND TIN MILL 
WIRE ROPE « COAL CHEMICALS 
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Jones & Lat ree. Core 
405 Jones & Laughlin Building 


Pittsburgh 30, I 


HNLIN 


nnsyly 


our booklet, “Fast 
Finish 
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Please send me 
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JLTIPLE POINT 


EGTRAY 


yet 6 famacs 


... Substantially cuts instrument costs 


CONVENIENCE and ECONOMY distinguish this mul- 
tiple control pyrometer . .. pioneered by TAG in 
the interests of lower costs and better processing 
control. Because of its high sensitivity and quick 
action its closeness of control equals that of single 
point instruments at less cost per point 

For installations involving from 3 to 6 furnaces— 
or for 3 to 6 zone furnaces—one Celectray will en- 
able you to effect worth-while economies right from 
the start. Ask your nearest TAG representative for 
full details or write for Catalog 1101-J. 


Cc. J. TAGLIABUE CORPORATION (N. J.) 


591 Frelinghuysen Avenue, Newark 5,.N. J 
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Easy way to make sure of uniformity 
in your stainless steel forging bars 


YJ HEN you see this shipping tag on the stainless 
steel forging bars you buy, you know you're 
getting uniform, high quality. 

Timken” stainless steel forging bars have superior 
surface and internal quality. Each analysis has uniform 
forgeability, uniform physical and chemical properties, 
and uniform response to heat treatment—from bar to 
bar and from heat to heat. 

As a result, you get uniform, high quality in your fin- 
ished forgings—and get it at lower cost through fewer 


delays, fewer rejects and fewer changes in shop practice. 


YEARS AHEAD —THROUGH EXPERIENCE AND RESEARCH 


ls 


Chat shipping tag is backed by The Timken Roller 
Bearing Company's complete, rigid quality control 
through every step of manufacture. By special Timken 
Company mill practices. By years of leadership in 
alloy steel research. 


Ask for an “on-the-job” analysis by our Technical 
Staff. No obligation 
booklet, “Evaluating the Forgeability of Steels” 


And write for our authoritative 


rhe Timken Roller Bearing Company, Steel and 


Tube Division, Canton 6, Ohio. Cable address: 


“TIMROSCO"”. 


TIMKEN 


in alloy steel —ineluding hot rolled and cold finished alloy 


a compete rang of stainieas, graphitic and standard tool 


rnalyese— and alloy and stammiess seamiess steel tubing 
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CONTINUOUS 


PP 


WELD 


for use where corrosion is a problem 


For fifteen years, Yoloy steel has 
been manutactured as Seamless pipe, sheets, 
plates and structural members. Yoloy is used 
in the oil, mining, railroad, chemical, truck- 
ing and other industries where resistance to 
corrosion and abrasion are a problem and 
lighter weight construction is important. Now 
this same unique nickel-copper low-alloy 
steel is available as continuous weld pipe. 

Yoloy continuous weld pipe has these out- 
standing characteristics: 

l. It is easy to weld, 

It bends and fabricates readily, 
Its tensile strength is high, 
It is resistant to abrasion, 
Its resistance to shock and vibration 
is high, 
. It is high in corrosion resistance. 

Yoloy has an atmospheric corrosion resist- 
ance from four to six times that of regular car- 
bon steels. Its resistance to many other cor- 
rosive elements likewise is high, making 
Yoloy pipe particularly well adapted for use 


in the railroad, oil, mining and chemical 
process industries. Youngstown Yoloy con- 
tinuous weld pipe also affords distinct ad- 
vantages for use where piping is concealed 
in industrial plants, commercial buildings 
and residences. 

For example, at a sewage plant, Yoloy pipe 
immersed in the sour sludge of a digester was 
found to be in good condition after nearly 
four years. When repairs were made to re- 
place a mild steel tripod holding the pipe 
after only one year's service, it was found that 
the tripod had been almost entirely eaten up 
by the acid sludge 

Yoloy continuous weld pipe installed in 
brine lines from the wells at a salt plant is 
still in service after several years. Pipe pre- 
viously used in this same line had to be re- 
placed 3 or 4 times a year 

Other examples of the unusual service given 
by Yoloy pipe can be cited. For further in- 
formation, write or phone the Youngstown 
District Sales Office nearest you 


Ample stocks of Yoloy continuous weld pipe 


are available for prompt shipment 


continuous weld pipe can 


YOLOY rolled in the wall 
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you can 6 SURE... ie irs 
1%," estinghouse 


GAS-FIRED OR ELECTRIC 














FOR THE MAN 
WHO CAN'T BE “SOLD” 


Careful buyer? Then, here is help in selecting This unbiased engineering and metallurgical 
the equipment to do your job best. You see, service is called Therm-a-neering. It matches 
Westinghouse makes both electric and gas- the equipment to your job . . . provides the 
fired furnaces, plus the atmosphere equipment hundreds of design details that make your heat- 
that may be required. Thus, Westinghouse treat line run smoothly and economically. 
engineers have no favorite type of firing or Give Therm-a-neering a chance to help you. 
construction to sell. Instead, they study your You won't have to be sold. You'll know why 
heat-treating problems with 2 view toward it's best to buy Westinghouse. Call your nearby 
recommending the equipment to do your Westinghouse representative for details, or 
job best. write Westinghouse Electric Corporation, 180 
And you can preview results! A well- Mercer Street, Meadville, Pa. 
equipped metallurgical laboratory will sample 
heat-treat your work and demonstrate the mass 
production results you may expect. 


J-10346 


A HEAT AND METALLURGICAL SERVICE THAT 
OFFERS WITHOUT OBLIGATION 
ENGINEERS —Thermal, design and metallurgical engineers to help you study “ N D E | EC TR ] '¢ 
your heat-treating problems with a view toward recommending specific heat- ,| 
treating furnaces and atmospheres. 


RESEARCH —A well-equipped metallurgical laboratory in which to run test 
samples to demonstrate the finish, hardness, and metallurgical results that can 
expected on a production basis 


PRODUCTION—A modern plant devoted entirely to industrial heating. 


EXPERIENCE— Manufacturers of a wide variety of furnaces—both gas and elec- 
tric—and protective atmosphere generators 
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LOOKING FOR WAYS TO CUT HEAT- 
) TREATING COSTS?... TRY FIGURING WEIGHT 
~—\ OF EQUIPMENT AGAINST APPLIED LOAD 





y 


BOX 
WEIGHT 








LOAD | | LOAD 
WEIGHT | | WEIGHT | 





Cast Alloy Welded 
Box Alloy Box 


PSC’s igher Ratio tin 
LOWER YOUR COSTS 3 WAYS 


In many installations the above PSC annealing boxes light-weight, welded alloy equipment can save you 


have tripled the weight ratio of load and box. For fuel, as well as handling and treating time 
example, in one recent installation the cast boxes 

which were rep! ac ed weighed Ss Muc h as the 300-lb Light Wegnl Heat-Treating Equipment for Every Purpose 
load; a ratio of I:1. The PSC sheet-welded boxes Carburizing and Annealing Boxes Tumbling Barrels - Tanks 
carrying the same load, weighed 2 3 less; ratio 3:1 Baskets . Trays - Fixtures Cyanide and Lead Pots 

A study made by one customer showed that. duc to Muffles . Retorts . Racks Thermocouple Protection Tubes 
Annealing Covers and Tubes Radiant Furnace Tubes and Parts 


< r ratio, th na in fuel oO 
this higher ratio, the saving in tuel needed to heat Pickling Equipment Heat, Corrosion Resistant Tubing 


the metal itself of the old boxes was $40 a ftur- 
cycle. Another installation showed that the We furnish standard or special welded alloy equipment 
saving in heat-up and handling time in any size, and in any metal to meet your heat and 
shortened the cycle as much as 5 corrosion requirements. Send blue prints or write 


hours Let us show you how PSC as to your needs 


THE PRESSED STEEL COMPANY 


of WILKES-BARRE, PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 
OFFICES IN PRINCIPAL CITIES 
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for 


67-t. NICHR 
- MUFFLES 


( = customer's original orders called for a num- 
ber of Nichrome muffles—each over 50 feet long— 
for use at temperatures approximating 1800° F. 


lo obtain such exceptionally long muffles, Driver- 
Harris engineers proposed that cast Nichrome sec- 
tions be welded together —forming integral units in 
the lengths required 


Since Driver-Harris had had long and successful 
experience with large weldments of this type, the 
user was assured he would obtain service life approx- 
imating that of one-piece castings. With such assur- 
ance, and because the units were urgently needed 
for one of the most important industrial undertakings 
in the country, the customer agreed to the cast-and- 
weld method of construction. 


Ever since their installation several years ago, these 
giant muffles have given complete satisfaction, and 


their dependable performance has led to a repeat 
order: Three more muffles, identical with those 
initially produced except for an increase in 
length to 67 feet 


We can offer no better testimony to the efficiency 
and reliability of our welding procedures than this 


Versatile Nichrome is available in cast, rod, sheet, 
strip and wire forms—enabling us to handle com- 
plete production of heat-treating equipment of the 
most desirable design. 


And other than Nichrome, we can furnish D-H 
cast alloys such as Chromax* and Cimet*. You'll 
find these unsurpassed in conventional furnace appli- 
cations, outstanding when required to meet unusu- 
ally severe conditions. So send us your specifications 
We'll gladly make recommendations based upon 
your specific needs 


Nichrome and Chromo castings 


ore manufactured only by 


Driver-Harris Company 


HARRISON, 
BRANCHES: Chicago, 


NEW JERSEY 


Detroit, Cleveland, Los Angeles, San Francisco 


*T.M. Reg U.S. Pot. Of 





— ao pusnsenaereneyrend eoanoene 
belo hysicel properties of the AE-1020, SAE-2315 
jerdened with “NEL ov end NELOY *01Y Steels Nermolized or 
Liquid Quenched, Finish Machined and Flome Hardened 








— 


© crane GEARS 
and TRACK WHEELS 
have Greater Internal 
Stress Value... 


uu 55 5k 8k 











sz: NATIONAL ERIE CORPORATION . 


bis )\4 
Ne 


7? 


ERIE, PENNSYLVANIA © U.S.A. 
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Many range builders are finding Sharon 


that trim that rings the burners. Sharon 
Stainless remains bright and shiny, easy 
to-clean year after year under constant 
usage. Burner trim rings of Sharon Stain 
less resist discoloration and warp regard 
less of heat generated by range. These 
factors add up to higher quality and 
stronger scies ammunition 


For baffles, burner bowls and combustion 
chambers, stove and heater builders have 
added years of life to their products by 
switching to Sharon Quality Stainless 
Sharon Stainless is especially heat re- 
sistant. It will not deteriorate under the 
hottest temperatures. And what's more, 
Sharon Stainless withstands rapid and 
extreme changes of temperature—a per- 
fect metal for manufacturers who must 
contend with heat and cold 


Why not examine your product. Think of 
Stainless, and when you do—think of 
Sharon, pioneer and prime producer of 
fine steels for almost 50 years. If you 
would like engineering help or fabrica- 
tion information, let us know. No obliga 
tion, whatsoever 


SHARON STEEL CORPORATION Shaw, Peanylana 


PRODUCTS Of SHARON STEEL CORPORATION AND SUBSIDIARIES THE NILES ROLLING MILL COMPANY, NILES, OHIO, DETROIT TUBE AND STEEL DIVISION, DETRONT 
MICHIGAN, BRAINARD STEEL COMPANY, WARREN, OHIO; SHARONSTERL PRODUCTS COMPANY, DETROIT MICHIGAN, AND FARRELL PENNA. CARPENTERTOWN COAL 
& COKE CO., MT. PLEASANT, PENNA; FAIRMONT COKE WORKS, FAIRMONT, W. VA; MORGANTOWN COKE WORKS, MORGANTOWN, W. VA) JOANNE COAL 
COMPANY, RACHEL, W. VA. Hot and Cold Rolled Stainton Strip Steel—Alloy Strip Steel—ttigh Carbon Stee paivanite Specie sted Product perege Moog 


Electrica tee! Sheets—Hot Rolled Anresiod end Deosidized Sheets—Gaivenited Sheets—tnameiing Grade Stee!— Welded lubing—Gelver ted Steel Sirig 


Stee! Strepping, 1 ond Accesories 


DISTRICT SALES OFFICES: Chicago, ' Cincinneti, O . Cleveland, O , Dayton, O., Detroit, Mich od aneg +, tnd., Milwautee, Wit, New ¥ odelphia, Penne 
Rochester N.Y, Los Angeles, Calif. Sen Francie Callt, % Lows, Mo., Montres!, Que, Toronto, Ont 
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is 
High Vacuum 
Furnace... 


may mean far longer life 
for Gas Turbines 


Designed and built by National Research, this new 
high vacuum furnace will be used to explore new 
properties of molybdenum ... may well hold the 
answer to the need for a tougher, more heat resistant 
material for gas turbines. Now at Battelle Memorial 
Institute, it was developed for the Navy Bureau of 
Ordnance under the technical direction of the Applied 
Physics Laboratory of the John Hopkins University. 








This is but one more example of how high vacuum 
equipment is being used to solve research and com- 
mercial metallurgy problems = produce purer, 
stronger, better metals, lf you have a problem in heat 
treating, sintering, degassing, bright soldering, metal 
distillation, brazing, thermal reduction, melting or 
casting ... high vacuum may hold the answer. 





As the pioneers in high vacuum 

work, we have unparalleled 

)) ») \ experience to help you with 
— your research to 

’ mg design and build the 
laboratory or commercial 
equipment you need. 

Why not write today! 


Corporation 


Seventy Memorial Drive, Cambridge, Massachusett 





8 the United Kingdom, BRITISH-AMERICAN RESEARCH, [TD. london $.W.7, Englend Gicsgow S. W. 2, Scotland 
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IN FREE-MACHINING GRADES 


W herever sanitation, corrosion-resistance or heat- 
resistance enter the steel parts picture, the obvious 
answer is Republic ENDURO Stainless Steel. 


That's why Republic—world’s largest producer 
of alloy and stainless steels—offers you a choice 
of three different grades of Free-Machining 
ENDURO Cold Finished Bars, for maximum 
production without sacrifice of chemical or 
physical properties. 


All such Free-Machining grades—in both chro- 
mium and chromium-nickel—are processed by 
Republic's Union Drawn Steel Division. Two 
of these grades, for instance — ENDURO FC 


A VALUABLE AID FOR 
MACHINISTS 

It's a handy Speed ond Feed Selec- 

tor to help you in machining stainless 

steel. Send for one TODAY. . it’s FREE. 


(Type 416) and ENDURO AA-FM (Type 430F) 
provide machinability equivalent to approxi- 
mately 90% that of regular Bessemer screw stock, 
All these grades give you fine surface finish, 
accuracy of section and uniform soundness. 
Republic metallurgists are ready to give you 
prompt assistance in determining where and 
how you can get the greatest benefits from 
ENDURO Stainless Steel in Free-Machining 
grades. Write, wire or phone today. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 
GENERAL OFFICES . CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N.Y. 


ENDURO 
STAINLESS STEEL 


Other Republic Products include Carbon and Alloy Steels —Pipe, Sheets, Strip, Plates, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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Get the latest data 


on 4 ALLOYS 
to combat severe 
corrosion 


kivery designer... every enginect . and 


every fabricator who is faced with the problem of selecting 


HERE'S WHAT'S IN IT a high-strength material that will withstand severe chem- 


Description of the HASTELLOY Alloys—\ ical corrosion should have a copy of this new 40-pag 
brief summary of the chemical composition and 
play sue tl properties of the four alloys: A, B, ¢ 
and I) 


booklet. It tells the story of the four Ilastenztoy alloys 


what they are, how they are fabricated, and how they 


Resistance to Corrosion— |} asv-to-read tables can be used to combat severe corrosion 
show the resistance of each of the HasTettoy 


allovs to 8 common corrosive media IlastTeccoy allovs are being used successfully in every 
Physical and Mechanical Properties— ! our branch of the chemical and allied industries ... in the 
pages of tables give properties at room temper 
ature and also at elevated and sub-zero temper production of chemicals, petroleum, textiles. plasties, 
atures (praplis compare the properties of 


Hasteccoy alloys with those of other metals aircraft, and metals. To get the latest data on these ver- 


Available Forms—Hasrettoy allovs can be satile materials of construction, just fill out the 
supplied as conventional and yr isto mvese ‘ 
ment castings; hot-rolled bar stock, sheet, and handy coupon below for your free copy of the booklet. 


plate; wire, tubing, and welding rod: also prupe - 
and fittings Hlastencoy High-Strength, Nickel-Base. Corrosion- 


> ” 
Fabricating Procedures— Whe proper pro Resistant Alloy~ 

cedures for welding heat treating het working 

cold-working, surface preparation, machin 

and grinding the alley ' ven The trade-marks “Haynes” and “Hastellov™ distineuis! 
and grinding ‘ ove are give 


L nion Carbide and Carbon Corporation 





4 AYN F S Haynes Stellite Division, 715 S. Lindsay Street, Kokomo, Indiana 
Please send me the new edition of your booklet, “HASTELLOY 
Tode-Mark Wy USE THIS High-Strength, Nickel-Base, Corrosion-Resistant Alloys.” 


‘ ayy HANDY mat _ —_—______ 
Haynes Stellite Division compan _ 
Union Carbide and Carbon Corporation COUPON 
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the all-purpose die lubricant for light or 
heavy stampings — the latest thing in semi-plastic emulsions — is a non- 


pigmented compound with great Film strength. 


Brush it—dip it—roll it— spray it 
Draw with it (wet or dry) 

Dilute it (within limits) 

Weld through it 

Anneal it 


Clean it 


is low priced, easy to apply and easier to 
clean, making it the real buy in the die lubricant field We're sure this is 


what you have been looking for. 


| 
: 4 
/ 
we: 4 \ 
’ / 
: | a % 
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< oe “ ae 


, | 1 4 ‘ i ‘J 
rece ULE Et Pr oo} flo , — 
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a ae 
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/ 
pioneers in pH cleaning control —serving you since 
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Developed by three years of research... and now refined by 
tens of millions of dollars’ worth of new equipment! 


DESIGNED FOR TODAYS POWERFUL NEU/ ENGINES / 


Today's new cars have the most powerful engines ever 
made. AND 


They require a super, anti-knock gasoline 


Such a gasoline is the new No-Nox. It was especially 
designed by Gulf scientists —- working hand-in-hand with 
leading automotive engineers—to give you maximum 
performance in your new car. 


With a gasoline like this great new No-Nox, you can ol “ 
be sure your new car will perform at its brilliant best. ‘ ") 
And the new No-Nox not only gives new cars peak 


performance. It also gives new life, new pep, and stops 

knocks in older cars too — even many with heavily 

carboned engines! * 
s! < 


e 
So no matter what model you drive, get a tankful of 


| Sass Se 
the new No-Nox today. ; 


4 
‘ 
5 
‘ 
5 


See for yourself what a difference it makes! 








Good Guif—our famous “‘regular’’ gasoline 
Mil —is now better than ever, too! 











Terrific Power in Every Drop! Gulf Oil Corporation + Gulf Refining Company 
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. 


_--NOW COMPLETED 





PITTSBURGH 


« 











a : The plant operates as a custom smelter, receiving both domestic 
E.. — 5 ae 


and foreign concentrates. Constructed in 


I 





1930, it was design 
to process 3,600 tons per month of zinc concentrate obt 


brained mainly from the Com} 
mines in St. Lawrence County, N. Y. Expansion of the plant and equipment during 
1940 brought the processing capacity to about 9,000 


tons of concentrate per month 


it a cost of about $8 millior 


of a postwar expansion program complet d in 1950, 


processing capacity has increased to 16,000 tons. The following grades of electrothermi 


zinc are produced: HIGH GRADE + INTERMEDIATE + BRASS SPECIAL © PRIME WESTERN 


ST. JOSEPH LEAD COMPANY 


250 PARK AVENUE, NEW YORK 17, NEW YORK, Eldorado 5-3200 
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Board of Strategy 


What is the catcher telling the pitcher? Is it advice and 
counsel on an all-important pitch? In any event, he’s lend- 
ing all the help he can. 

The Wisconsin Steel sales and metallurgical staffs are pre- 
pared to serve you, our customers, in the same way. When 
you need steel, we’re ready to advise and assist you. And you 
can depend on Wisconsin for carbon and alloy steel of finest 
quality, delivered at the specified time. 

Remember, when steel is the article, it’s good business to 
consult Wisconsin. Our entire organization is always ready 


to serve you. 


WISCONSIN STEEL COMPANY, Affiliate of 
INTERNATIONAL HARVESTER COMPANY 


180 North Michigan Avenue ® Chicago 1, Illinois 


WISCONSIN STEEL 
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S600 his. 


Let's be honest. We could claim that our retorts 
last 80,000 hours. Some have. We could claim 
10,000 or 12,000 hours 
had some go 
But even so, Thermalloy* 
for that particular service 
previously used retorts. 


they last 
We 


after 


Many have. 
also of 


4600 hours 


have out service 
had 
outlasted most 

rhe point is, there are too many variables in 
methods of operation and maintenance for us or 
any other manufacturer to make general claims 
lite 


(batch 


cycle 
. method 


on retort These factors include: 


of heating or continuous) 


Specify CHEMALLOY* 


for corrosion resistance . 


| AMERICAN 


| Brake ‘Shoe 





Vietal Progress: 


. THERMALLOY* 


etort last? 





-- 80,000M6.; 


of heating (radiant or direct-fired) 
quency of charging... operative 

type ot suspension or support.. 
of maintenance. 

This we can say! 
outstanding record for ‘ 
per dollar.” 

For recommendations on your particular in- 
stallation, contact your nearest 
Electro-Alloys 
Elyria, Ohio. 


office, or write Division, 19 
Taylor Street, 


"Reg. t 
for heat and abrasion resistance 


Write for Technical Booklet—Cast 16% Cr.—35% Ni Alloys 


ELECTRO-ALLOYS DIVISION 


ELYRIA, OHTO 
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fre- 
temperatures 


. eficiency 


In comparable service, 
Thermalloy retorts and muffles have attained an 
‘more operating hours 


I lectro- Alloys 


S. Pat. Off 


; aol Sati hones Fes iba) 8 ae ul als -- 


% 
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CLEVELAND, OHIO 


Sand & Permanent Mold Foundries 


DETROIT, MICHIGAN 


Cutaway view of the Hypersonic Transducer manufactured by The Brush 
Development Company which finds industry-wide application for emuilsifico- 
tion, vaporization, homogenization and degassing of various liquids and solids. 


Would you torture your product with a test like this? BRIDGEPORT CONN 
’ ° 


Brush Development tests the castings we make for their 
Hypersonic Transducer by filling them with oil undet SS 4 
1,000 pounds pressure——then gives them the quivers at 
125,000 vibrations per second. Yet not a trace of oil 
secps through. 
Whether you're after pressure tightness-—or faster . 
machining —or lighter weight-—or lower finishing costs i Sand & Permanent Mold Foundries 
fy Alcoa Castings. The larger the run—the 
cr the job— the more Alcoa’s modern foundries can . 
uu. No others match our 62 years of aluminum LOS ANGELES, CALIF. 
experience. Few equal our production facilities 
Look for Aluminum Company of America listed in 
your phone. book under ‘‘Aluminum”’. Call there for 
a casting specialist, or write Atuminum Company oO} 


America, 1993E Gulf Building, Pittsburgh 19, Penna 


Sond & Permanent Mold Foundries 


ALUMINUM CASTINGS 
4 ALCOA 


Vay. 1950: Page 593 


i a esd i a | a a 





“BLECTROMBT Daafher 


A Digest of the Production. Properties, and Uses of Steels and Other Metals 


Published by Electro Metallurgical Division, Union Carbide and Carbon Corporation, 30 East 42nd Street, 
New York 17, N. Y. + In Canada: Electro Metallurgical Company of Canada, Limited, Welland, Ontario 








Extra-Low-Carbon STAINLESS STEEL 


New Type Chromium-Nickel Steels 
Have Added Corrosion Resistance 


New and 
stec] t the 
which have 
ifter being 


known as extr wecarbon stainle 


there are 


{ 


were ce igre le pec ially for use in welded 


and stress-relieved equipment that 


1 eX 


posed to more severe corrosive condition 


than are normally encountered by 
type s of straight 18-8 stainless steel 
Under evere Corrosive ¢ mnditi ns 


v mular attack may 


carbon unstabilized 


! 
stainless steel 


that have been 


the temperature range of 800 t 


luring welding or hot forming 


wwreed that tl 
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LABORATORY PRECISION 


“Once you get the technique worked out,"’ says 
one engineer who has used high-frequency melt- 
ing for years, ‘‘even the toughest melting prob- 
lems are reduced to routine with Ajax-Northrup's 
close control.” 


Yes, the same clean, fast induction melting prin- 
ciple that makes small Ajax-Northrup furnaces 
ideal for metallurgical research, governs the 
300-lb. or the 8-ton production furnace. Fast, 
oxidation-free melting with no carbon contami- 
nation—perfect temperature control at all times— 
AJAX high efficiency and preferential power rates. If 
ELECTROTHERMIC you too want laboratory precision in your pro- 


duction melting—at speeds you need—and costs 


CORPORATION ' you can afford — send for more 


information today. 


AJAX PARK, TRENTON 5, N. J. y S ne 


VV. 


4 
SINCE 1916 A Wiiadgiauy 
mf 


Associate Companies 


THE AJAX METAL COMPANY + AJAX ELECTRIC FURNACE CORPORATION HEATING & MELTING 
AJAX ELECTRIC COMPANY, INC. + AJAX ENGINEERING CORPORATION 
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..- AIRCO 


All Airco Stainless Steel Electrodes 
are designed to afford extreme 
operational ease in all positions — 
vertical, overhead and horizontal. 
Their are stability and deposition 
characteristics assure smooth, flat 
weld deposits. Furthermore, Airco’s 
continuing research permits you to 
get special stainless steel electrodes 
tailored to fit any unusual require- 
ments that might arise. 


These electrodes are supplied 
with two types of flux coatings — 
the heavy extruded lime type, spe- 
cifically designed for application 
with DC reversed polarity, and the 
extruded titania type for AC or DC 
application. 


These electrodes produce a spray 
type are of excellent stability. The 
covering which serves as a flux gives 
rapid wetting action and com- 


pletely covers the deposit. Because 
of this good wetting action, it is 
possible to produce welds which 
taper into the base metal, thus 
eliminating abrupt changes of con- 
tour which would be conducive to 
slag adherence. 


For more information about 
lirco Stainless Steel E lectrodes, 
write your name and address on the 
margin below, and send it to your 
nearest Airco office, or authorized 
dealer for a copy of Catalog ADC- 
OS0B, 








Wore nits aboue- 


No. 78E is an im- 
proved high quality 
£6010 electrode. It has 
a very smooth spray 
type are with little 
spatter. The deposit 
solidifies quickly pre 
ducing very smooth horizontal fillets. It alse 
operates exceedingly well on vertical up 
vertical down and overhead welding. The 
mechanical properties and X-ray character 
istics are excellent exceeding the require 
ments of the E6010 class. 


This electrode is used extensively in the 
welding of fittings on fired or unfired pres 
sure vessels, storage tanks, struc tural frames, 
bridges, pipe lines, and all classes of marine 
work where high ductility and tensile 
strength are essential 


All high capacity 
Heliweld holders are 
water-cooled to pre 
vide sufficient cool 
ng for high currents 
used There's the 
Air-Cooled Manual 
Holder for light, general-purpose work . . 
the Water-Cooled Manual Holder for heavy 
ier, general-purpose work .. . the Machine 
Holder for semi-automatic installations . . 
the Automatic Head for the fully automatic 
operations. Also available is a Heliweld 
“Bumblebee” for AC heliwelding. This ma 
chine has all controls for current, gas and 
water within its housing, PLUS a one unit 
power supply. 


For more information. write your nearest 
Airco ofhce today for a free copy of Hel 
welding Catalog No, 9 


. * . 


Air Reduction supplies Oxygen, Acetylene 
and other industrial gases . . . Calcium 
Carbide . . . and a complete line of gos 
cutting machines, gas welding apporatus 
and supplies, plus arc welders, electrodes 
and accessories. Ask us cbhout anything 
pertaining to gas welding ond cutting, and 
arc welding . . . we'll be glad to help you. 


REDUCTION 


Offices in Principal Cities 
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Also Provides Close Tolerances, Fine Finish, C 


A glance at the above figures—taken from on on open-hearth steel, it hos a much sounder 
actual production run—will reveal the amazing cross section than Bessemer. Its good ductility 


Carburization 


production increases which are possible when 
ordinary screw steel is r ed with LA-LED— 
the fastest machining steel you can buy. 
LA-LED is an entirely NEW steel, unlike 
anything produced before. It hos a unique 
composition which allows startling machining 
speeds. However, it offers much more. Being 


and surface quality permit bending, crimp- 
ing, ond riveting operations impracticable 
with Bessemer steels. And, LA-LED machines 
to a fine satiny finish and provides closer 
tolerances. LA-LED is available cold-finished 
—in rounds 5/16" through 3”; in hexagons 
5/16" through 1%”. 


WRITE FOR DESCRIPTIVE PAMPHLET 


LaSalle Stee! Co. ane, j 
1494 150th Street, Hammond, indione Sad | 


Pease give me more information on how LA-AED con in 
STEEL crease production ond cut the cost of screw mochine parts 
in my shop 
COMPANY | von 


Title 
Company 
Address 
City 


Manufacturers of the Most Complete Line of Carbon } 
and Alloy Cold-Finished and Ground ; 
and Polished Bars in America e 
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Olsen Electro-Mechanical Universal Testing Machine equipped with Electronic High Magnification 
Recorder. U. S$. Navy, Point Loma, California OFFICIAL PHOTOGRAPH U.S. NAVY 


Extreme accuracy, performance dependability and simplicity of operation 
. . , . x ‘ : Y t ite for full infec tic 4 
combine in the Olsen Electro-Mechanical Universal Testing Machine to give 90 20 Rr Se er Sr Te or eae 


. 3 : today for these comprehensive Bulletins— 
authoritative laboratory and production tests. Equipped with the Olsen 


: : . : — Uni h 
Electronic High Magnification Recorder precise stress-strain curves can be Bulletin 30 — Universal Testing Machines 

Bulletin 36 — Testing Machines for Plastics 
plotted successfully. 


‘ Bulletin 37 — Electromatic Testing Mochines 
The Pendulever Weighing System of the Olsen Universal, by its complete 


freedom from complicated operation, assures low maintenance costs while 
giving the highest standards of tests. 


Bulletin 39 — Ductility Testing Machines 


The new Olsen Plant 
Over 100,000 squore 
feet of area all on one 
floor 


TINIUS OLSEN 
TESTING MACHINE CO. 


2030 Easton Rd. Willow Grove, Pa 


oy 
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FURNACE BASKETS...Standardized for Economy 


In one application after another Rolock job-engi- 
neered equipment has scored outstanding economies 
in heat-hour costs, handling costs, and equipment 


maintenance ... with improved product quality 


The pit type furnace basket pictured above is Rolock’s 
latest addition to the now lengthy list of cost reducing 
equipment. Completely fabricated, including bottom 
grid, these baskets and trays are steadily replacing 
heavier cast equipment. They are standardized in 
design for prompt shipment in a wide range of sizes 
and will handle your tonnage loads through repeated 


furnace cycles efficiently and with unusual economy 


Offices in: PHILADELPHIA * CLEVELAND © DETROIT * HOUSTON ¢ INDIANAPOLIS © CHICAGO © ST 


ROLOCK INC. * 


© cal 


NOW YOU GET 4 ADVANTAGES 
1. Lower heat-hour equipment cost... longer service 
life with lower maintenance 
2. Greater furnace capacity . with reduced dead 
weight, heavier pay loads can be handled 
3. Lower fuel cost 


loads reach furnace temperatures in less time 


with lighter baskets, heavier 
4. Improved quality superior design permits more 
uniform heating . and quenching 

Write Kolock engineers for specific details of furnace 
baskets and all types of heating and finishing 


alloy fabrications. Catalog on request 


LOUIS * LOS ANGELES * MINNEAPOLIS 


1222 KINGS HIGHWAY, FAIRFIELD, CONN. 
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TAM 


Zircon grog type ramming mix 


fe 5 


TIMES LONGER 


In these 600 Ib. capacity Allis 
Chalmers induction furnaces 
operated by the Michiana Prod- 
ucts Co. of Michigan City, Indi- 
ana... TAM zircon grog type 
; ramming mix provides excellent 
ae a ee Allis g lining service. This extended life 
ot Michleee Produce Co. is realized in melting a variety 
of alloys ranging from low car- 
bon stainless to heat resisting 
alloy with nickel contents from 
3 to 65% and chrome contents 
from 8 to 30%. 


Resistance to high temperotures 
and the difficult melting condi- 
tions involved is due to the 
superior characteristics of this 
lining material. More metal is 
melted at less cost per ton. 
That's why it pays to get the 
full facts on TAM ramming 
mixes. They may be obtained 
readily from our field engineers 
or by addressing your inquiry 
to our New York office. 


The same furnace as lined wet Furnace ready for relining 


with zircon lining after 100 heats 


TAM 
PRODUCTS 


TAM is @ registered trademark 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 
Executive and Sales Office: 11] BROADWAY, NEW YORK CITY - General Offices, Works, and Research Laboratories: NIAGARA 7 ee 
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DURAMOLD A 





Air-Hardening Hobbing Steel tor Mold Cavities 


Hobbed from Duramold A in one push, this mold is a fine example 
of the intricate detail which can be attained in hobbing. The 
square and diamond-shaped ‘‘core pins’’ were raised up in the 
mold by the pressure of the master hob. Movement in heat 
treatment was held to a minimum 


The highly polished surfaces of the mold made possible a high 
quality finish on these injection-molded plastic barrettes. Mold 
made by Banner Mold & Die Co., Inc., Leominster, Mass. Plastic 
molding by E. B. Kingman Co., Leominster, Mass. 


Duramold A has outstanding advantages for mold 
cavities used in the plastics industry. It's easy to hob 
. and its 5 pct chromium content provides high 
wear-resistance and core strength. Distortion in hard- 
ening is minimized by its air-hardening characteristics. 
Duramold A has the balanced alloy content that 
meets today’s requirements for a hobbing steel with 
high mechanical properties. Here are the facts: 


High Wear-Resistance. Duramold A is suitable for long 
runs because of its alloy content and high surface- 
hardness after carburizing (Rockwell C—61 to 63). 


Holds Close Dimensions. Air-hardening greatly re- 
duces distortion in hardening, making Duramold A 
suitable for intricate cavities, thin sections 


Easy to Hob. It anneals to less than 109 Brinel] and 
hobs deeper than the nickel-chromium steels. It does 
not work-harden rapidly 


Takes High Polish. Duramold A is scrupulously in- 
spected to assure a clean, sound structure. The 5 pct 
chromium content provides improved corrosion- 
resistance, as compared with ordinary hobbing steels 


For High Temperatures and Pressures. I! is suitable for 
operating temperatures up to 650 F. Its high core 
strength permits high pressures. 


High Surface Hardness. An air-cool, following car- 
burizing at 1700 F and a 300 to 400 F temper, 
results in a surface hardness of Rockwell C—61 to 63. 
Core hardnesses are in the range of Rockwell C—30. 


For Machined Cavities. When Duramold A is used for 
a machined cavity, it is annealed at 1600 F to obtain 
a Brinell hardness of 170. . . which machines easily. 


Mn Si Cr Mo 


Typical Anclysis Oo7na; 040 020 450 045 


The nearest Bethlehem sales office or tool-steel dis- 
tributor will gladly tell you about this hobbing steel 
and other Bethlehem Tool Steels for both hobbed 
and machined cavity molds. Write today for our new 
booklet, “Tool Steels for the Plastics Industry.” 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA 
On the Pacific Coast Bethlehem products 
are sold by 
Bethlehem Pacific Coast Stee] Corporation 


Export Distributor 
Bethlehem Stee! Export Corporation 
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LINDBERG 
TOOLROOM TEAM 


“Rag, far the finedt tools and dies! 


i 
; 
: 
| 
| 
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Tempering Furnace 





For the precise hardening and tempering 
of expensive tools and dies — specify 
Lindberg Hardening and Tempering Furnances. 
FOR HARDENING — eliminate finishing due 
to scale and decarb with simple accurate 
atmosphere control. 
FOR TEMPERING — obtain the exact “Rockwell 
Hardness” needed for the ultimate 

Write for your copy of performance from your tools and dies. 


“How To Plan Your Toolroom 
Heat Treating Department”. 


LINDBERG ENGINEERING COMPANY 2448 W. Hubbard Street, Chicago 12, Illinois. 


LINDBERG =| FURNACES 
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Editorial Summary of May Metal Progress 








IRON ORE 
REDUCTION 
PROCESSES 


DIGGING 
UP THE 
DATA 


PRECISION 
GEARS 


RESTRICTED 
METAL 


NEW 
ALUMINUM 
ALLOY 


LOW-COST 
FINISHING 
BY TUMBLING 


STRETCH- 
FORMING 
STEEL 


STANDARD 
TOOLSTEELS 


If some inventor tries to get you interested in a new process for direct 
reduction of iron ore, compare its heat requirements to Swedish sponge 
iron (8,200,000 Btu. per ton), the blast furnace (11,000,000 Btu.) and 
the ancient Catalan forge (100,000,000 Btu.) No wonder the forge 
is obsolete. p- 631. 


All frustrated users of the Tiotots system of filing (“throw it on top 
of the stack”’) will bless the metallurgical classification arranged by the 
@ and the Special Libraries Assoc. and the punch card for needling 
out the reference, presto. p. 613. 


Automotive and precision gears are usually quenched in a press to avoid 
a yq I 

distortion. This is costly in labor. Time quenching in hot oil (“martem- 

pering”’) is now a satisfactory automatic substitute p. 607. 


Restrictions reminiscent of wartime have been imposed on columbium 

a strategic metal favored for jet engine alloys. Columbium-stabilized 
stainless steels for the process industries are beginning to use a 2-to-] 
columbium-tantalum mixture. p. 623. 


What to do when no known alloy has the necessary strength, light weight 
and ability to be die cast in a certain shape required for a gyroscope 
part? This problem was solved by development of a new high-strength 
aluminum die-casting alloy. p. 618. 


Tumbling offers attractive possibilities as a method for polishing metal 
parts, particularly where large quantities are involved and low cost is 
important. There are numerous equipments, abrasives, lubricants and 
carriers that can be varied to get the optimum combination for a 
given job. p- 625. 


There are many standard steels, but some are “more standard” than 
others. For instance, 8630, by virtue of its low cost per unit of harden- 
ability, has become one of the favorites among low-alloy heat treating 
grades. Hence the need for correlating basic transformational character- 
istics with the end quench hardenability of the steel, p. 637. 


The independent hog-on-ice travels across Canada in box cars that are 
either refrigerated or heated, as the outside temperature requires. The 
car builder also stretch-forms steel shapes, borrowing the techniques of 
the airplane manufacturer. p- 624. 


Toolsteels are noted for their toughness. They resist deformation. 
They also have resisted standardization in many countries. However, 
in Sweden, the producers and consumers have recently agreed on a \jst 
of 18 standard toolsteels. p. 643. 





NEXT 
MONTH 


Equipment for Interrupted Quenching . . . Metal for Television Kinescopes 


Machining Stainless Steel . . . Ferrous Metallurgical Research in 
Russia . . . Improved Methods of Deep Drawing 
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A Longer-lived Lining for Melting 
Stainless Steel & Refractory Alloys 


If you are melting stainless steel or heat-resisting alloys 
in high frequency induction furnaces, then Norton 
Magnorite Cement RM 1169 can benefit you three 
ways: (1) quick, inexpensive installation, (2) long 
life, (3) easy to patch. This is a mixture of elec- 
trically fused magnesia grain plus enough ce- 
ramic binder to insure dense packing for 
dry ramming. It matures in the first heat at 
inner edge only, and cracks do not go all 
the way through the lining to “short 
out” the furnace. Maximum use 
temperature is 3250° F. 





WNORTONF NORTON COMPANY * Worcester 6, Mass. 


REFRACTORIES 
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Inland AI-STEEL 


makes your product 
lighter, stronger, longer lasting 


> 





Jeene = 5) pee” 2288 gummi 
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REDUCE WEIGHT 

Because its high strength-to-weight ratio permits use of lighter 
sections, HI-STEEL makes possible important reductions in dead- 
weight. Less steel is needed per unit, enabling material savings 
up to 25%. 


INCREASE STRENGTH 

High strength, low alloy HI-STEEL has nearly twice the yield 
strength of ordinary structural-grade carbon steel. It is also 
superior in notch toughness, fatigue strength and abrasion resistance. 
Because of its high strength-to-weight ratio, HI-STEEL provides 
greater strength with the same sectional thickness. 


INCREASE LIFE 


HI-STEEL lasts longer on the job. Its tight scale resists atmospheric 


corrosion four to five times as long as ordinary structural-grade 


: 
£ 
i 
5 
4 
: 


carbon steel. It has been known to resist 12 times as much 
abrasion as ordinary structural-grade steel. 

And Inland HI-STEEL is easy to fabricate. It can be worked 
either hot or cold— punched, drawn, or otherwise fabricated — 
welded or riveted—with little or no change in shop practice. 


INLAND STEEL COMPANY HFS 
Dept. MP 50, 38 S. DEARBORN ST. 
CHICAGO, ILLINOIS 


Write for Booklet 
Sales Offices: Chicago, Dav- 
enport, Detroit, Indianapolis, 
Kansas City, Milwaukee, New 
York, St. Louis, St. Paul. 





COMPARISON OF AVERAGE PROPERTIES OF HI-STEEL 
WITH ORDINARY STRUCTURAL GRADE CARBON STEEL 


Tensile Properties Intend Ordinary Structural 
(%" Plate) HI-STEEL Grode Carbon Stee! 
Yield Point (psi) $6,000 35,000 
Ultimote Strength (psi) 73,000 66,000 
Elong, in 8" (%) 25 25 


Endurance Limit 

Fotgue Strength (psi) 49,000 33,000 
Impeoct Resistance 

(Cherpy impact—f. Ibs.) 

OTHER PRODUCTS: BARS «+ PLATES 
STRUCTURALS * SHEETS * STRIP © 
TIN PLATE * FLOOR PLATE * PILING * 
RAILS * TRACK ACCESSORIES. 
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Martempering of Automotive 


By S. L. Widrig 

Chief Metallurgical Engineer 

and Wilson T. Groves 
Metallurgical Engineer 

Spicer Mfg. Division of Dana Corp 
Toledo, Ohic 


Martempering (quenching in a hot bath, and then 
air cooling) is usually regarded primarily as a 
means of improving the toughness »f the hardened 
parts, since it helps avoid microscopic cracking 
when the hardening reactions change the specific 
volume of the various regions at different times and 
different rates. The authors, however, find that it 
also avoids distortion so satisfactorily that auto- 
motive gears, of carburized low-alloy steel, ordi- 
narily press or plug quenched, can be martempered 


successfully in production in 350° F. oil. 


N OUR ARTICLE on “Quenching of Carburized 

Gears” in last month’s Metal Progress, it was 
pointed out that distortion could be controlled by 
quenching over a plug or in a press fixture, but 
that this was costly in equipment and _ labor. 
Alternatively, certain parts (carburized rear axle 
pinions were cited specifically) have been satis- 
factorily quenched and held to close dimensional 
tolerances by automatic equipment in an open tank 
of cool oil. 

For some years we have been considering and 
experimenting with “martempering” of such impor- 
tant parts in hot oil, and a modified martempering 
process has now been used on a production basis 
at Spicer continuously for the past two years. The 
parts treated are primarily carburized gears and 


Gears and Shafts 


shafts for heavy-duty automotive 
transmissions and are made from 8620 
and 4320 steel. Most of the gears were 
formerly plug or press quenched and 
the hot bath quenching process has 
vastly increased the productivity of 
the carburizing furnaces with which 
it is used, and has also resulted in a 
substantial saving in labor, since one 
of the furnace operators can be trans- 
ferred to other work. 

The utilization of hot bath quench- 
ing to reduce the distortion of steel 
parts has been a natural consequence 
of increased knowledge of the mecha- 
nism of austenite’s decomposition as 
a function of steel composition, time 
and temperature. Many valuable con- 
tributions to the literature concerning 
this subject have been made since the 
studies of isothermal transformation 

1930) by Davenport and Bain led to 
the publication of “S-curves” or 
“TTT-curves” mapping the relation- 
ships hetween transformation, time 
and temperature for individual steels. 

As is well known, these studies showed that it 
takes a certain time for the austenite transformation 
to start, or incubate, at subcritical temperatures, 
and (in general) the effect of alloys is to lengthen 
this incubation time. They also showed that the 
shortest incubation time is usually around 900° F., 
and if the alloy steel can be quenched past that 
temperature rapidly enough to, say, 600° F., no 
transformation starts for a considerable time. 
Specifically, if a 4340 steel is quenched in a salt 
bath at 600°F., the austenite does not start to 
transform until about 40 sec. has elapsed and then 
requires 20 min. to complete its transformation. 
At any previous time, if the steel is removed from 
the 600° bath, the remaining austenite transforms 
to hard martensite almost completely and very 
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rapidly as the part cools to room temperature. It 
has also been shown that true martensite does not 
start to form until a definite temperature is reached, 
depending on the composition (but always consid- 
erably below 900° F.); austenite transforms in 
this intermediate range into bainite, a structure of 
somewhat deficient hardness. 

These general principles are the basis of “mar- 
tempering”, an old process defined and put under 
metallurgical control in this country by B. F. 
Shepherd, past president of the American Society 
for Metals. It consists of quenching steel from the 
austenitizing temperature to a point just above the 
temperature at which martensite starts to form, 
commonly called the M, point, holding long enough 
to equalize the temperature throughout the piece 
(or as near as possible), then air cooling. In the 
hot quenching bath the thermal gradient from 
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Fig. 6 
ture, Carbon Content and Amount of Austenite 
Transformed to Martensite in Carburized 4320 


Relationships Between Tempera- 


surface to center of the steel section is reduced 
while the steel is in a relatively soft and plastic 
condition and warpage due to differential thermal 
stresses is greatly reduced. Subsequently the 
inevitable volume changes accompanying martens- 
ite formation occur uniformly throughout the part 
while it is cooling comparatively slowly to room 
temperature, thus minimizing residual stresses. 
Since it has been reasonably well proven that the 
martensite transformation at temperatures below 
Mg is independent of time and occurs only as the 
temperature drops, no hardness is sacrificed in the 
finished part, providing its cooling rate from the 
austenitizing temperature to the M, point is suffi- 
ciently rapid to prevent the formation of high- 
temperature transformation products-— that is, 
exceeds the critical cooling rate past the “nose” of 


the S-curve at about 900° F., as mentioned above. 


The Mg point in steel is determined primarily 
by carbon content and, to a lesser extent, by 
alloying elements. Figures 6 and 7* have been 
computed from composition according to Metal 
Progress Data Sheet, page 676-B, October 1946, and 
indicate the per cent of martensite that may be 
formed at various temperatures in the case and 
core of three common carburizing steels, namely, 
4320, 4620 and 8620. These curves will give some 
idea of the actual temperatures that must be uti- 
lized in the martempering of the gears and other 
parts made by us of these steels. 

Due to the low initial carbon content of the 
steels mentioned above, it is impractical to equalize 
the temperature of a carburized part in a bath 
maintained above the Mg, point of the core (725 
to 750° F., according to Fig. 6 and 7). If the part 
were quenched in a bath at that temperature, the 
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\ at I550°F. for 8620 


\— Saturated Austenite 
Analysis at 1550°F. for 4620 
4620 8620 t ; 
C ai7/022 016/023 
Mn 045/065 070/090 
Ni 165/200 040/0.70 * 
Cr — 040/060 
Mo 020/030 Qi5/025 


Minimum % Core Carbon 
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Fig. 7 — Relationships Between Temperature, Carbon 
Content and Amount of Austenite Transformed 
to Martensite in Carburized 4620 and 8620 Steels 


cooling rate past the “nose” of the S-curve 
(900° F.+) would be insufficient to prevent con- 
siderable transformation of the austenite (“give 
proper core solution”, in shop terms) except in 
very light sections. 

Fortunately, however, it has been found that 
most of the distortion occurring in regular oil 
quenching can be eliminated by a modified mar- 
tempering process where the quenching and equal- 
izing bath is maintained within the temperature 
range of martensite formation. 

A temperature commonly employed is 400° F. 
Figure 6 for 4320 steel indicates that in the outer 
portions of the carburized case, where the carbon 
content is higher than 0.70% (point A), no mar- 
tensite would be formed in the quenching bath. 


*Figures are numbered consecutively with the 


previous article. 
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All of the core and the portions of the case having 
less than 0.40% carbon (point B) should be entirely 
transformed within a minute or less in the quench- 
ing bath, while the portions of the case having a 
carbon concentration between 040 and 0.70% 
should be partially transformed without delay — it 
being remembered that the austenite > martensite 
reaction takes a vanishingly small time. 


Production Equipment 


The equipment illustrated in Fig. 8, currently 
used for martempering the work from one of the 
carburizing furnaces, was designed and built at 
Spicer for experimental purposes. 

The tray of hot work is discharged from the 
furnace vestibule and moved manually over con- 
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Fig. 8 — Equip- 
ment for Hot 
Bath Quenching of 
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veyer rolls onto a carriage. The operator then 
presses a pushbutton to start the automatic quench 
cycle. The carriage rides into the quench on over- 
head guides and is actuated by a chain and 
sprocket drive at either side; the work is about 
1550° F. when it enters the bath. At the end of a 
predetermined immersion time, the drive reverses 
and the carriage is lifted from the bath and stops 
over the bath for another predetermined time for 
draining before returning to its original position, 
thus completing the cycle. Exposed time between 
furnace vestibule and quench is short enough so 
that no serious decarburization results — the work 
is file hard after quenching. The immersion time 
and drain time are automatically controlled by 
suitable timers and electrical relays. After final 
cooling in air, the work is removed from the 


aD 


Corrioge + 


furnace tray and deposited manually on hooks 
suspended from a trolley conveyer which carries 
it through a washer and the 340° draw unit. 

The tank and auxiliary equipment were origi- 
nally designed for operation with a molten salt bath 
maintained at 400° F. Temperature is automatically 
maintained with pyrometers controlling fuel and 
air supply valves on the four radiant heating tubes, 
as well as the air supply to the bank of cooling 
tubes. Suitable agitation is furnished by two mixers 
or impellers, one at either end of the tank, inclined 
45° toward the tank bottom and located off-center 
so as not to oppose each other. The double-bladed 
shaft of each mixer.is driven by a %-hp. motor. 

The above described process gave very satis- 
factory results and was eagerly adopted by the 
production department as a means of obtaining 
quiet running gears of proper dimensions. An 
increasing number of parts were changed from 
plug and press quenching (and also from conven- 
tional open-tank quenching) to the hot quench 
It became apparent that the use of this 
process in conjunction with the automatic quench- 
ing mechanism described in the former article 
would have many production advantages. How- 
ever, molten salt in such a mechanism had some 
drawbacks, and it was decided to use a high- 
temperature oil bath, if this could be done. 

The problem of securing a moderately priced 
oil capable of resisting oxidation when maintained 


process. 


Properties of the Oil 
A.P.L. gravity 28.3 
Flash point 515° F. 
Fire point 590° F. 
Viscosity at 100° F, 1152* 
Viscosity at 210° F. 96* 
Viscosity index 96 
Neutrality point 0.03 

* Saybolt Universal 


Tray of Work 
< of 550° F. 


“ 
Conveyer Rolls 
From Furnace 


between 350 and 400° F. and used to quench heavy 
loads of work at 1550° F. can well be appreciated 
by those who have tried it. It is of course also 
necessary that the oil have satisfactory cooling 
power and be easily removed from the quenched 
work in the washing operation preceding the draw. 
Although many lubricating oils contain additives 
for inhibiting oxidation at the lower temperatures 
encountered in internal combustion engines, they 
are not necessarily effective in the 350 to 400° F. 
range and they may also be hard to wash off. 

Several recommended oils were tested for oxi- 
dation resistance in the laboratory and the two 
giving the best results were tried at different times 
in production. The oil finally selected was one 
containing no oxidation inhibitors and having the 
properties noted at the side of Fig. 8. 
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Several additions were made to the equipment 
shown in Fig. 8, including a centrifuge and an 
earth-type filter, operating on a bypass from the 
centrifuge, to remove continuously any soot or 
oxidation products from the oil bath. The bath 
temperature was also dropped to 350° F. to lengthen 
the useful life of the oil. Due to the greater 
amount of work now quenched in the hot oil and 
the lower bath temperature, a heat exchanger was 
installed for additional cooling capacity. 

The normal cycle of the carburizing furnace 
gives each tray 8 min. In order to quench successive 
trays in hot oil, it was necessary to immerse some- 
what less than this to allow for tray transfer and 
drainage. It was found that 6 min. in the hot oil 
was sufficient to cool the surface of a bar 3 in. in 


Fig. 9 


diameter and 6 in. long to within a few degrees of 
the bath temperature. Since the surface temperature 
of the bar did not rise after removal from the oil 
bath, it was concluded that the temperature was 
nearly equalized throughout the section and 6-min. 
immersion was adopted for all parts. 

It should be pointed out that the conditions 
existing for this installation are not ideal for 
maximum oil life inasmuch as the volume of oil is 
small for the amount of work quenched (approxi- 
mately 650 Ib. per hr., gross). Also the quench 
bath is not enclosed and the surface of the bath 
burns for several seconds after the work is 
immersed. However, it has served satisfactorily 
for developing the process on a production basis. 
The results, dimensionally and metallurgically, 


View of Discharge End of Continuous Gas Carburizing Furnace 


From Which Gears Are Automatically Quenched in Oil Bath at 350° F. 


Legend 
Oil tank (below floor level) 


Enclosed quench chamber extending below oil level 


Center post of rotating and lowering platform 
Trays of quenched gears 

Tray washer 

Atmosphere outlet from quench chamber 


Temperature control equipment for oil bath 
Earth-type oil filter 

Loaded trays at charge end of furnace 

Hard conveyer line carrying work through wash 
and draw units 

Spray-type washer 

Recirculating-type draw furnace 
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have warranted the purchase of electrical Fig. 10 — 31-Tooth, Round Bore, Mainshaft 
heating elements, oil temperature control ” Gear of Carburized 4320, Quenched From 1550° 
instruments, filter and mixers for convert- F. in Hot Oil at 350° F., Then Drawn at 340° F., 


ing the large quench tank shown in Fig. 5 : and Held t© Tooth Taper of 0.003 In. Max. 
of the article last month (p. 485) to the 


hot oil process. Figure 9 shows the 
revised installation, now also used for 
the martempering of production parts. 





Hardness and Penetration 





Numerous tests were made to 
Results on Sliding Gear determine the hardness obtainable 
in various sized sections after 
An example of the results that can be quenching in hot oil. All the gears 
obtained by hot oil quenching is illus- 
trated by the round-bore mainshaft gear 
shown in Fig. 10. Prior to the adoption 
of the hot bath quench, it was necessary approximately 130° F. Duplicates 
to quench this gear on a press to minimize were then quenched in an agitated 
“tooth taper” (the difference in gear diam- high-temperature oil at 350° F. The 
eter from one end of the gear tooth to the 
other, as measured over specified 
size balls inserted between the Tooth Tapers 
teeth). An attempt was once made Gear No. Ont at 130° Ont at 350' 











which were formerly plug quenched 
were (as a basis of comparison) 
hardened in still oil maintained at 








hot oil quenching was done in the 
tank shown in Fig. 8. 

Table I gives hardnesses 
f,.. so obtained in the teeth of 
to harden this gear by quenching ©.000 in. 6.001 in. identical gears of both 4320 


hg 0.006 0.002 ‘ 
it edgewise in regular oil tank at 0.005 0.001 and 8620 steel carburized 


130° F. on the automatic lowerator 0.007 0.003 simultaneously to 0.050-in. 
described in the previous article. 0.004 0.001 case depth. This particular 
The results for ten gears quenched 0.006 0.001 gear has a 6.283-in. outside 
. * . . 5 ” . . . 

in this manner are listed (right), ©.008 0.002 diameter, a 1-in. wide tooth 

. ‘ 0.006 0.001 ‘ 

along with the results obtained for 0.005 0.001 face, and weighs 7 lb. The 
ten similar gears quenched edgewise 1 


0.005 0.001 hardness readings across 
in 350° F. oil with the mechanism Allowable 0.003 in. 0.003 in. the case were taken at the 
shown in Fig. 8. (All 20 gears after pitch line of a tooth cross 
quenching were drawn at 340° F.) section with a Vickers hard- 
The maximum allowable taper of this gear is 0.003 ness tester and 5-kg. load, and were then converted 
in. and all ten of those quenched in 130°F. oil to Rockwell C-scale. The lower surface hardness 
were rejected. All ten gears quenched in 350° F. of the 4320 gear quenched in 350° F. oil is attrib- 
oil were within the specified limits. Processing uted to the slightly greater amount of retained 
was accordingly changed from press quench to austenite in the former (estimated microscopically 
hot oil quench for these carburized gears. as 5 to 10% 

Close fits are required on gears 
for automotive transmissions; it is 
seldom commercially possibie to hold Table I — Surface Hardness and Penetration in Carburized Gears 
the spline dimensions within specified All gears drawn at 340° F. after quenching 
limits during hot oil quenching. We 
are therefore currently developing an 


— eo 





near the working surface). 








LOCATION Gran or 4320 Gear or 8620 
ON 


alternative process consisting of a hot Pitcu QUENCHED | QueNCcHED | QUENCHED QUENCHED 
oil quench followed by a finish honing LINE To 130° F. | 70 350°F. | ro 130°F. | to 350° F. 
operation. Naturally, it is desirable to 
hold the dimensions of the part as 
close as possible during heat treating 0.020 in. 
to facilitate honing and minimize wear 0.030 in. 57.5 : : 58 
on the stones. It can be reasonably 0.040 in. 53.£ o2.: : 55 


Surface 5 60 5 62 
0.010 in. 60 5 60 
5 


60.5 


, : 0.050 in. “ 5. 47 
expected that such a process will elim- : . 
inate the wobble that has been found 
even in many of our best plug 


quenched gears. 


Core 5. 2.8 5.f 44 
Core at root 


: 42 
diameter 
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To determine the hardness obtain- 
able in various sized shafts, four step- 
down bars of 4320 and 8620 steel (Fig. 
11) were simultaneously carburized to 
0.050-in. case depth and quenched from 
1550° F. in oil at 130 and 350° F. as 
above described. Disks were then cut 
from the middle of each size section 


Fig. 11 — Step-Down Bar, Carburized 
and Hardened by Standard Methods, 
Used to Determine Hardness Penetra- 
tion of Alternative Quenching Processes 








and the gear revolving on it, fall into 








and hardness traverse readings on radii 
across each quadrant were taken and 
averaged. 





this category, and if hot oil quenching 
is specified, these shafts are made of 
4320 steel. 


Disks Removed for Hardness 


Traverse After Quenching 








These hardnesses are not neces- 
sarily the same as would be obtained 
in a long bar of uniform diameter. This 





Conclusion 





It may be concluded that hot bath 





is particularly true for the 4-in. section 
of Fig. 11 where the end-cooling effect 
is by no means negligible. However, similar 
changes in section are often encountered in pro- 
duction parts and the tests are of value for that 
reason. (The difference in hardness of corre- 
sponding sections of the step-down bars quenched 
in the two mediums is more pronounced than for 
the teeth of the gears described above, due to the 
relatively light section of the latter.) 

Table II also indicates that shafts of 2-in. 
diameter or larger that require a high surface 
hardness should not be made of 8620 steel if they 
are to be martempered in the way we perform this 
operation. Many mainshafts, with surfaces serving 
as a raceway for needle bearings between the shaft 


Table Il — Hardness-Penetration Data for Disks Cut From the Carburized and Hardened Step-Down Bars 


quenching constitutes a practical and 
economical means of controlling the 
dimensions of many carburized production parts 
during hardening. It is not a cure-all, however, 
and should not be expected to compensate for 
relaxed standards in other phases of manufacturing, 
such as annealing or gear cutting. Also, there are 
some limitations of the process that should be 
recognized, particularly in regard to the hardness 
obtainable with large sections of low-alloy steel. 
A careful analysis of each part and its function 
should be made in order to determine if hot bath 
quenching is feasible. Se 
Epiton’s Nore: A subsequent article is promised 


on the treatment of carburized gears left in the furnace 
over the week end. 


of Fig. 


Column headings are respectively Section Diameter, Steel, and Bath Temperature in °F. 











1 IN. 2 IN. 
INCHES 
From 8620 4320 
SURFACE . 
130 | 350 130 350 


0.0 6 : -6 -62 -64 ‘-63 
0.010 ie 61 
0.020 ) 55 
0.030 ‘ ‘ 55 46 
0.040 52 38 
0.050 : 32 
0.060 


60 
48 
38 
33 
30 
27 
96 
95 
94 
93 
93 
93 
43 


3 IN. 4 IN. 


4320) 8620 4320 


350 130 350 130 350 130 


C-64 -63 -63 -55 C-64 
61 61 62 58 61 62 
59 59 58 48 60 60 
55 54 50 40) 56 df 52 
49 41 35 49 41 
35 32 30 42 36 
32 30 27 38 : 32 
21.5 B-97 31 ; 23.5 
-96 95.5 27.5 26 21 
94.5 94.5 26 5 20 B 
93.5 93.5) 24.5 5.5 | B-96— 
92.5 92.5 24 94.5 
92 92 23.5 25.! 93 
89.5 89.5 23.5 24 90.5 
88.5 8Y 23 24 89.5 
87.5 87.5 23.5 3.5 88.5 
4 
3.5 


on on 
~ 
' 
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tS tw 


tS te 
‘ 
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tw te 


23.5 88 
23.5 86.5 





All hardness readings were originally Rockwell C-scale and those under the rules were converted to Rockwell B-scale. 
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How to Find 


By A. H. Geisler 

Research Associate 

General Electric Research Laboratory 
Schenectady, N. Y. 


A complete classification of the metallurgical 
field has been devised by a committee sponsored 
by the American Society for Metals and the 
It has already been 
adopted by the A.S.M.’s Review of Metal Litera- 


Special Libraries Assoc. 


ture, and is especially applicable to an improved 
punch card, whereby any information on file 
concerning any minor subdivision of the metal- 


lurgical field can be quickly located with the 


simplest imaginable equipment. 


ITH the ever-increasing mass of technical lit- 
erature in the various branches of the field 
of metallurgy, it has become apparent that a simple 
yet efficient method of gaining access to the infor- 
mation is to be desired. The A.S.M.’s Review of 
Metal Literature published monthly in Metals 
Review satisfies part of this need, for it provides a 
readily available abstracting service covering the 
entire field of metallurgy. This complete and unique 
coverage of both ferrous and nonferrous physical 
and process metallurgy, as weil as its prompt 
publication, allows the busy metallurgist to keep 
abreast of current developments in his field. How- 
ever, a second requirement — that of having the 
*“A Punch Card Filing System for Metallurgical 
Literature”, by A. G. Guy and A. H. Geisler, Metal Prog- 
ress, Vol. 52, 1947, p. 993. 

“A Modified Punch Card Filing System for Metal- 
lurgical Literature”, by J. H. Westbrook and L. H. 
DeWald, Metal Progress, Vol. 54, 1948, p. 324. 

“Punch Card for the Field of Metal Finishing”, 
by T. A. Hood, Metal Progress, Vol. 56, 1949, p. 75. 


Detailed Information 


When You Want It 


information accumulated during the past 
few decades readily available—is also 
desirable. To meet this need, three systems 
of filing literature and their application to 
punch cards for filing abstracts have been 
described in these pages in a little over two 
years.* While these systems have been 
accepted and used by a few, it is thought 
that many more potential users have been 
awaiting a more universal system spon- 
sored by a national society such as A.S.M. 
with the ensuing uniformity and complete 
coverage which it might offer 
Your society has met this responsibility 

as evidenced by the following brief descrip- 
After 15 months 

of deliberation, a committee sponsored 

jointly by the American Society for Metals 

and the Special Libraries Assoc. has con- 
cluded its task of formulating a scheme for the 
classification of metallurgical literature. Its work 
was facilitated by the existing schemes, by the 
many helpful comments received from more than 
50 commentators on a preliminary outline circu- 
lated last summer, and by the breakdowns which 
were available for special fields such as foundry, 
welding, corrosion, and powder metallurgy. 

Members of the committee were (chairman) 

T. D. Yensen, manager, magnetics department, 
research laboratories, Westinghouse Electric Corp.; 
Mrs. M. R. Hyslop, editor of Metals Review (who 
acted as secretary); A. H. Geisler, research asso- 
ciate, General Electric Research Laboratory; H. P, 
George, metallurgist, Frankford Arsenal; W. Wi 
Howell, technical abstractor, Battelle Memorial 
Institute; R. W. Kollar, librarian, Fenn College; 
Taylor Lyman, associate editor of Metal Progress 
and editor of “Metals Handbook”; F. T. Sisco, 
director of Engineering Foundation; Miss M. §S. 
Wright, librarian, National Carbon Co. 


tion of the new system. 
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The objective of the committee was to derive a 
classification system with a three-fold purpose: 

1. To provide a logical and fairly simple 
breakdown of the entire metallurgical field which 
can have universal applications in classifying the 
literature. 

2. To serve as a guide for a punch card filing 
system that can be used by the individual metallur- 
gist for his own reference collection. 

3. To be used as a pattern for classifying the 
abstracts published in the A.S.M. Review of Metal 
Literature. 

Of these three purposes, the second — a punch 
card filing system — required the most extensive 
development and the balance of this article will be 
devoted to a discussion of how it was achieved. 

One attractive feature of a punch card system 
for filing literature abstracts is that the reference 
san be coded in a number of ways to accomplish 

an interrelation of ideas without requiring dupli- 
rate cards. The cards can then be sorted in any 
one of these ways to obtain the desired information. 
Thus, one problem of the committee was to decide 
upon the discrete ways in which the literature can 
logically and completely be classified. These form 
the bases of the four indexes chosen, 

Metallurgical literature usually refers either to 
(a) a material, or (b) a process, property or field 
of use. These form the two main subject indexes 
which will be useful in any branch of the field of 
metallurgy. Thus, one policy of the committee was 
to divorce process or property from material and 
to treat each at equal par on the separate indexes. 
The second policy was to make the indexes gen- 
eral, with a uniform and descriptive coverage, and 
with adequate provisions for expansion at every 
point (as desired by the users). Finally, the 
outline for use with the punch card does not 
require that subjects be divided into “pockets” of 
equal importance or unique meaning, and depar- 
tures were occasionally made from the form of the 
logical outline where indicated by common sense. 


F. Primary Mechanical Working 
21. Preparation for working 
(For pickling see L12; for blast- 


ing, see L10c) Rolling 


a. Stripping n. Breakdown 


Index of Processes and Properties 


The one subject index (which many users will 
consider to be the main index) provides for 29 
first-order or main divisions classified according to 
metallurgical processes, inspection, and properties. 
Twenty titles have been chosen by the committee, 
and nine extra are available on the punch card for 
future expansion or for the user’s special needs. 
The committee’s 20 are given letters as follows: 

General Metallurgical 

Raw Materials and Ore Preparation 

Nonferrous Extraction and Refining 

Ferrous Reduction and Refining 

Foundry 

Primary Mechanical Working 

Secondary Mechanical Working 

Powder Metallurgy 

Heat Treatment 

Joining 

Cleaning, Coating and Finishing 

Metallography, Constitution and Primary Structures 

Transformations and Resulting Structures 

Physical Properties and Test Methods 

Mechanical Properties, Tests and Deformation 

Corrosion 

Inspection and Control 

Applications of Metals in Equipment 

Allied Fields 

Material Only Indexed 


The punch card arrangement selected allows 
each of these main divisions to be subdivided into 
a maximum of 27 second-order divisions. Those 
supplied by the committee occupy, on the average, 
about half of these, thus leaving 50% for expansion 
at the second-order level. Provisions have also 
been made on the card so that each second-order 
subject can be further subdivided into 16 third- 
order divisions and each of these in turn into 15 
fourth-order divisions. A few of the third-order 
divisions (but none of the fourth-order) are listed 
by the committee to give a uniform and reasonably 
detailed breakdown adequate for the average user. 
(Metallurgists in specialized fields may prefer to 
add to or revise one or two main divisions 


Drawing of rod 
Wire drawing 


b. Heating p. Intermediate shaping g. Single draft 


c. Scalping q. Finish rolling 
d. Chipping r. Temper rolling 


e. Torch scarfing Extrusion 
Forging (hammer and press) a. Direct 


g. Rough b. Inverted 


h. Cutting or slicing 
j. Upsetting 


Swaging 


h. Continuous 

Finishing operations 

(For cleaning and polishing see 
Section L; for heat treatment see 
Section J) 

n. Slitting 

p. Sawing 


Tubemaking (and pipe) q. Shearing 


k. Punching or coring n. Seamless (piercing, sinking, r. Straightening 


m. Hollow forging 


drawing, rolling) s. Flattening and leveling 
n. Drop forging p. Pressure welded 


Lubricants 
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A typical breakdown showing second and third- 
order divisions as worked out by the committee is 
as shown at the bottom of the left-hand page. 
Capital letters are used for the first-order divisions, 
numerals for second-order, lower case letters for 
third-order and numerals (starting at 30) for 
fourth-order divisions. Thus, the code for drawing 
of seamless pipe might be F26n32. 

When fully expanded, the Processes and Prop- 
erties Index will accommodate, in addition to the 
29 first-order divisions, 756 second-order divisions, 
12,096 third-order divisions and 181,440 fourth- 
order divisions, numbers which certainly will be 
adequate for expansion regardless of the amount 
of detail added by the user. Special fields of 
importance may be indexed either by adding more 
third-order and fourth-order divisions, or the user 
may take his specialized field and advance it to an 
unused first-order position, such as W. For example, 
a metallurgist who specializes in magnetic materi- 
als may wish to advance P6 to create W. Magnetics, 
or one who is specifically concerned with the 
theory of the heat treatment of steel may wish 
to take the second-order division N8 and make it 
X. Austenite Transformation. 


The Materials Index 


Provisions have also been developed so that 
information about metals and alloys may be 
indexed both by composition (elements) and by 
industrial group. ‘This is done on a single index 
which involves no duplication: 

Ag. Silver and Its Alloys 
Al. Aluminum and Its Alloys 
C. Carbon and Carbides 
Co. Cobalt and Its Alloys 
Cr. Chromium and Its Alloys 
Cu. Copper and Its Alloys 
Fe. Iron and Its Carbon-Free Alloys 
Mg. Magnesium and Its Alloys 
Mn. Manganese and Its Alloys 
Mo. Molybdenum and Its Alloys 
Ni. Nickel and Its Alloys 
Pb. Lead and Its Alloys 
i. Silicon and Its Alloys 
Tin and Its Alloys 
Tungsten and Its Alloys 
Zinc and Its Alloys 
Other Elements and Their Alloys 
Special Groups by Use 
Steel — General 
Carbon Steel 
Alloy Steels 
Stainless Steels 
Toolsteels 
Cast Irons and Cast Steels 


The designation EG (for “elements grouped’) 
includes the other 80 elements of the periodic table 
coded individually while SG (for “special groups”) 


is subdivided into groups such as heat resisting 
alloys, bearing alloys and magnetic alloys. Seven 
unlabeled holes are left in the punch card for 
expansion so that materials such as titanium or 
corrosion resisting materials may be advanced to 
first-order positions, if such would meet the indi- 
vidual’s needs. Further breakdown of the materials 
by group is accomplished by 16 second-order divi- 
sions each with 15 third-order divisions to provide 
a total of 240 subdivisions for each of the groups 
of alloys listed above. This permits the coding of 
individual trade names if desired. 


The Common Variable Index 


A further and finer classification of the litera- 
ture can be attained on the punch card system by 
grouping miscellaneous features or factors into a 
separate index. Such features, common to a large 
bulk of the metallurgical literature, can be divided 
into three basic types, as follows: 

A. Characteristics of the publication 
Type and form (theory, review, patent, book) 
Source (specific laboratory, plant, research 
organization, or university) 
Date 
Language 
B. Factors which refer to processes and properties 
Equipment (design, furnaces, fuels) 
Techniques and methods 
Influencing factors (effect of grain size, tem- 
perature, past history) 
C. Factors which refer to materials 
Metal forms (wrought and cast shapes) 
Defects 
Since the choice of such common variables will 
largely depend upon the need and upon the field 
of specialization of the individual metallurgist, the 
committee formulated only a suggestive list and 
three possible schemes to illustrate how these may 
be handled. 


The Author Index 


After reviewing numerous methods which have 
been proposed for indexing the author’s name, a 
new method was developed which combines sim- 
plicity, ease of operation, selectivity, and economy 
of space. Frequency of the various letters as the 
first, second and third in metallurgists’ surnames 
was determined from those listed in A.S.M. Review 
of Metal Literature and the British Metallurgical 
Abstracts. Certain letters could be conveniently 
grouped for indexing the first and third letters of 
the names, whereas the second letter was usually a 
vowel. A compact index was derived whereby the 
first three letters of the name (of one or two authors) 
can be indexed with one punching per letter. 
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The New Punch Card 


The most popular size of punch card for filing 
bibliographic references measures 5 by 8 in. To 
make the new system work most efficiently, it was 
necessary to adopt a card with more closely spaced 
holes — six double holes per inch instead of the 
more usual four. Portions of the new card bearing 
the printed designations are shown in Fig. 1. The 
entire top edge of the card is devoted to the Proc- 
esses and Properties Index. First-order divisions 
are coded by a deep punch and second-order by a 
shallow punch on the field at the left, while third- 
order divisions are indexed by a deep punch and 
fourth-order by a shallow punch on the field at the 
right. The tinted portion, holes 21 to 29 inclusive, 
are for expansion by individual specialists, these 
positions being left open in the committee’s classi- 
fication. The corner holes marked G, and Gy, are 
for “General” subdivisions of first-order and 
second-order divisions, respectively. 

The Materials Index occupies the left edge and 
left half of the bottom edge. The common elements, 
elements grouped (EG), “open” space for expan- 
sion, and special groups (SG) are on the left edge 


whereas the ferrous groups and third-order and 
fourth-order field are on the bottom edge. The 
dual operation of this Materials Index is relatively 
simple: To index by elements, a deep punch is 
made for base metal and shallow punches for alloy- 
ing additions direct (or in EG, as used on earlier 
schemes for classifying metallurgical abstracts). 
To index by group, a deep punch is made for base 
metal or specific group, while subsequent break- 
down is made by code on the third- and fourth- 
order field. The latter will also be used in 
combination with EG when indexing for an element 
that is not among the 16 common elements with 
specific holes. 

The dog-eared half of the bottom edge is 
devoted to the Author Index. The first and third 
letters of the author’s surname are indexed by a 
deep and shallow punch, respectively, on the larger 
field at the right. The second letter is indexed by a 
deep or shallow punch as required on the three 
holes at the center. 

Finally, the 25 holes along the right edge of 
the card allotted to the Common Variables 
Index. The possible methods of using this space 
are almost unlimited. 
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divisions (each with 23 subdivisions or a total of 
552 subdivisions) could be used, following the 
scheme of the Process and Properties Index where 
two operations are required to designate a second- 
order subdivision. At the other extreme, 48 
divisions could be used with a single punch per 
division and no limit on the number of features 
which could be simultaneously indexed. The end 
hole marked “duplicate” (DUP) would be punched 
if both a deep and a shallow punch were required 
on the same double hole. If it were desirable to 
index a date, the first ten holes could be used to 
index directly year and decade while the remaining 
14 holes could be used for other common variables. 
(In this scheme, DUP would be punched if the year 
and decade were the same, as in 1944.) 


Operation and Adaptation to the Old Card 


The operation of a normal punch card system 
has been described in detail by the present author 
in this publication for December 1947, and need not 
be reviewed. Certain of its features were retained 
without any sacrifice in the new ASM-SLA classi- 
fication system, which in turn can be adapted to 
the card proposed originally. The committee's 
Processes and Properties Index could be assigned to 
top and right edge of the old card using the space 
for its analog—the Subject Index of the older 
system. First-order and second-order subdivisions 
in the committee’s classification would use holes 
1 to 29, on the top of the old card, third-order and 
four-order subdivisions would use holes 30 to 45. 
The single hole E in the old card would be used 
for G, and 46 for G,. The committee’s Materials 
Index would use the left side of the old card for 
the common elements and base metals as originally 
(using w instead of EG), and the right edge of the 
old card for the committee’s breakdown of the 
element and alloy groups. One of these divisions 
would be for the unalloyed metal, thus eliminating 
the need for hole E in the old card. Along the 
bottom of the old card provisions were made for 
only three common variables: T. Theory; A. 
Application; and G. General. The author index, 
accommodating only the first two letters of the 
author’s surname, need not be changed. 


Advantages of New Card 


While it is possible to adapt the new system to 
the older card, the new card has several unique 
advantages: First, it provides spaces for indexing 
directly the special groups and ferrous groups of 
alloys in the materials index, and still leaves some 
extra holes for adding other materials at first-order 
level. It also provides a separate field or portion 


of the card’s edge for the breakdown of material 
groups. (This will reduce appreciably the number 
of unwanted cards that would be obtained if both 
subject indexes used the same higher-orders’ field.) 
Second, the best performance of the Common 
Variable Index can be attained only with the new 
card; the seiectivity so obtained can only be appre- 
ciated by the user when he develops the index to 
meet his special needs, whether he wishes to use 
the common variables to describe the publication 
or to list features that modify the subject indexes. 
Finally, the newly devised author index permits 
appreciably greater selectivity. 


Equipment and Supplies 


The complete classification, together with a 
detailed explanation of its uses for both punch card 
operation and for the more familiar library filing 
systems is being published in book form by the 
American Society for Metals. 

An alphabetical word index (cross index) with 
the appropriate code designations has been pre- 
pared from various metallurgical glossaries such 
as the main index of Metals Handbook. The book 
will also include two forms of the Materials Index, 
one a brief form with rather broad subdivisions, 
and the other a much more detailed form. The 
policy of the committee here again was to provide 
flexibility so as to cover the needs of all potential 
users. These indexes are designed so that the 
metallurgist who is interested principally in only 
one or two metals can use the detailed form for 
these metals and the broad form for the others 
in which he is interested in only a general way. 

A separate set of looseleaf “work sheets” can 
be ordered; they have been designed to provide a 
highly flexible method of utilizing the enormous 
capacity of the indexes. These looseleaf pages 
are arranged so that additions can be easily made 
to any sections—-or entire sections could be 
revised to suit the needs of the user. Third-order 
and fourth-order divisions can be added by form 
sheets already bearing, in part, the code designa- 
tions. The printing is such that additions can be 
made on a standard typewriter. Thumb-index tabs 
can easily be attached for the main divisions. 

Coded designations have been printed on the 
abstracts in Metals Review since the February 
issue. The abstracts of interest to the metallurgist 
can now be marked by him, then clipped, cemented 
to a punch card, and the cards punched by clerical 
help. Equipment such as the cards, the punch, 
the sorter, the book and the work sheets will be 
sold at cost, so that A'S.M. members can benefit 
from the large-quantity purchases made by the 
society. 6 
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A New High-Strength 


Aluminum Die-Casting Alloy 


By J. J. Warga, J. J. Preisler 
and S. B. Ashkinazy 
Engineering Division 

Sperry Gyroscope Co. 

Great Neck, N. Y. 


becomes the design criterion. This is par- 
ticularly true of precision instruments, 
where the need for accurate and reprodu- 
cible readings under all conditions of oper- 
ation is of paramount importance. For 
instruments used in aircraft, there is the 
added consideration of light weight. 

The need for a light alloy of high 
elastic strength presented itself recently for 
a gimbal ring used in several of the 


In this example the metallurgist’s problem was 
to devise an aluminum alloy that could be die 
cast and that would have elastic strength higher 
than any available aluminum die-casting alloy. 
The problem was solved by adding silicon to an 


Al-Mg-Zn alloy that had been used previously 





in the form of investment castings. 


| hes motivating factor behind development of 
new alloys is the ever-increasing demand for 
improved properties to suit more rigorous product 
applications. This challenge is properly the con- 
cern of the metals producer, but occasionally it 
becomes necessary for the consumer to develop a 
new alloy or modify an existing one in order to 
satisfy a particular design or manufacturing 
requirement. Such an occasion will arise, for 
instance, when the metallurgical engineer is con- 
fronted with the situation known as “frozen 
design”, which prevents the ideal approach of 
simultaneous consideration of design, materials 
and manufacturing methods. 

This article describes a specific example where 
the need for increased elastic strength and reduced 
manufacturing cost led to the development of a 
high-strength aluminum die-casting alloy. 

Need for High Elastic Strength — For many 
types of equipment, the usefulness of a part is 
destroyed when it has been permanently deformed; 
that is, when its elastic limit has been exceeded. 
For such parts the elastic limit, rather than the 
offset yield strength or the ultimate tensile strengih, 


instruments manufactured by the Sperry 
Gyroscope Co. A gimbal ring, it should be 
explained, is used to support a spinning 
gyroscope and is in turn mounted in a 
spindle at right angles to the direction of 
support of the gyroscope in the gimbal. By means 
of this mechanical coupling, the gyroscope remains 
free to rotate in any direction with respect to a 
fixed datum, usually the earth, and indicates the 
proper attitude of the aircraft with respect to that 
datum. The demands made on the strength of the 
gimbal are quite high because during sudden 
maneuvers a load of up to 10 G’s (10 times the 
acceleration due to gravity) may be imposed. 

The gimbal ring, subject to the factors of 
minimum size and weight and maximum strength, 
was designed as shown in Fig. 1, to be made as an 
investment casting. The material originally selected 
was an aluminum alloy containing 7% silicon and 
0.25% magnesium, similar to Alcoa 356. This alloy 
was chosen because of its generally good foundry 
characteristics and its good strength and dimen- 
sional stability in the aged (T51) condition. 

The instruments containing the gimbal ring 
were placed in service and found acceptance in the 
aircraft industry to an extent that the quantities 
to be manufactured justified the use of a die cast- 
ing for that particular part. Accordingly, a die 
was manufactured, and a 3.5% copper, 8.5% silicon 
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Fig. 1 — Gimbal for Flight Instrument, Showing Ball- 
Bearing Assembly for Mounting High-Speed Gyro- 
scope. 


{rrows indicate ribs added for greater strength 


aluminum alloy similar to Alcoa 380 was specified. 
After work on the die had been almost completed, 
field reports indicated that the arms of the gimbal 
were springing apart slightly on instruments sub- 
jected to unusual service conditions at high speed. 
Upon receipt of this information, the process- 
ing of the gimbals in manufacture was revised to 
provide for solution heat treatment and age hard- 
ening of the 356 alloy (T6 condition) in order to 
secure higher strength. At the same time, a test 
program was initiated to locate the section where 
failure was most likely to occur. By means of load- 
deflection tests, it was determined that failure 
would occur at the base of the two arms, and 
accordingly these points were strengthened by add- 
ing ribs, as indicated by the arrows in Fig. 1. 
These changes produced a marked improvement, 
and would probably have been satisfactory for the 
application, had it not been for the fact that the 
water quench from the solution heat treating tem- 
perature introduced residual stresses that caused 
dimensional changes too great to be tolerated. 


Consideration was then given to the ternary 
aluminum-magnesium-zine alloys which are capa- 
ble of high strengths without solution heat treat- 
ment, so that quenching could be avoided during 
processing. A study of the properties of these 
alloys indicated that the required condition of high 
elastic strength could be obtained, and even 
exceeded, through the use of the aluminum alloy 
known as Ternalloy 8.* Load-deflection tests of 
this alloy in the stabilized condition verified this 
fact. The proportional-limit loads of gimbals made 
from this alloy and from Alcoa 356 and 380 are 
shown in Table I, along with published mechanical 
properties for these alloys. 

A quantity of gimbals was satisfactorily man- 
ufactured in Ternalloy 8 as precision investment 
castings. In the meantime, the design changes 
which had evolved during the testing program on 
the investment-cast gimbals were incorporated into 
the design of the die castings. No trouble was 
anticipated with die-cast gimbals since considerable 
increase in strength occurred primarily from the 
design change, and the die-casting alloy, Alcoa 380, 
has slightly higher properties than Alcoa 356-T6 
However, when load-deflection tests were made on 
gimbals die cast from alloy 380, the elastic-limit 
load was found to be less than half as high as the 
values obtained in alloy 356-T6, and one third as 
high as those obtained with Ternalloy 8. Produc- 
tion requirements were now such that gimbals 
could no longer be manufactured economically by 
the investment process and at the rate required. 
It appeared that an impasse had been reached, 
since no stronger aluminum die-casting alloy was 
to be had, and further redesign of the gimbal to 
increase the resistance to permanent set would 
have involved changes in the entire gyroscope 
mounting, which would not have been feasible. 

It was then decided to try die casting the high- 
strength ternary alloys. The aluminum-magnesium- 
zinc alloys as a group are characterized by 
sluggishness during casting and by a tendency 


*Nominal composition: 2.3% magnesium, 4.9% zinc, 
0.5% manganese, 0.3% chromium. Produced by Apex 
Smelting Co., Cleveland. 


Table I — Limit Loads of Aluminum Alloy Gimbals 





AVERAGE LOAD AT 
PROPORTIONAL 
Limit 


ALLOY CONDITION 


356* Stabilized 30 Ib. 

356 H.T.A.+ 130 
Ternalloy 8 Stabilized 155 

380 As die cast 54 





TyPicaL YIeLp 


TYPICAL 
ULTIMATE 
STRENGTH 


TYPICAL 


STRENGTH, . 
ELONGATION 


0.2% Ovrrser 


17,250 psi. 
22,000 
30,000 
26,000 


24,000 psi. 2.5% 

34,000 4. 

38,000 0. 
1. 


38,000 








*Old design without ribs. 


+H.T.A. = Solution treated and aged. 
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toward hot shortness; they are not generally con- 
sidered suitable for die-casting operations. Trial 
runs in the die-casting shop confirmed the sluggish- 
ness of these alloys. Even the use of the maximum 
pressure in the high-pressure die-casting machine 
was insufficient to obtain proper fill, When the 
temperature of the molten metal in the holding 
furnace was increased so that greater fluidity could 
be obtained, hot cracks and tears resulted, despite 
any variations of die pressure, die temperature, 
time of holding in the cold chamber, and speed of 
injection. In addition, the molten alloy wet the 
in-gate and faces of the dies, and soldering resulted 
after only a few shots. 


Addition of Silicon to Al-Mg-Zn Alloys 


Silicon is generally advantageous in aluminum 
alloys because of the excellent casting qualities that 
result from its addition, manifested principally by 
superior fluidity at low casting temperatures and 
pressures, and freedom from hot shortness. Why 
not, then, add silicon in an amount sufficient to 
achieve the desired die-casting characteristics? 
Available information regarding its effect on sand- 
cast or permanent-mold-cast Al-Mg-Zn alloys indi- 
cated that its inclusion in excess of the usual 
limiting value of 0.20% decreased the elongation 
and prevented normal room temperature hardening. 

No information was available for additions 
over 1.0%, and none for the conditions encountered 
in die casting. For these reasons, it was decided 
to proceed with the addition of silicon. A charge 
of Ternalloy 8 was melted in a 25-lb. crucible, 
and 25% silicon-aluminum hardener was added to 
produce a composition of 142% silicon. After the 
addition of the hardener, the charge was heated to 
1550° F. and held for 15 min. to dissolve the silicon 
thoroughly. The charge was then cooled to 1250° 
F. and degassed with nitrogen, after which it was 
cast. The die fill was good, but trouble was 
encountered with cracking in two of the critical 
sections of the casting. Further charges were made 
up to 2%, 34% and 4%% silicon, repeating the 
melting and casting procedures. Silicon additions 
of 24% or more produced an alloy that flowed 
freely, filling out the die cavity and producing 
crack-free castings of excellent surface appearance 
without sticking or soldering of the molten alloy 
to the die faces. 

The same procedure was followed with alloy 
40E.* With this alloy, even the addition of 5% 
silicon did not entirely eliminate “gumminess” and 
soldering in the in-gate. In addition, the elastic 


*Nominal composition: 0.6° magnesium, 5.5% zinc, 
0.5% chromium, 0.2% titanium. Produced by Frontier 
Bronze Corp., Buffalo, N. Y. 


Fig. 2 — Setup for Load-Deflection Tests on Gimbal 


limit was considerably lower than for the modified 
Ternalloy 8. 

A heat of 160 lb. of silicon-modified Ternalloy 
8 (244% Si) was then made and tried under regular 
continuous production conditions. Shrinkage cracks 
occurred, and therefore more silicon was added. 
By means of the production check, it was deter- 
mined that the addition of 442% silicon produced 
the most satisfactory results in processing. 


Tests on Quaternary Alloy 


In order to determine the acceptability of the 
new alloy for the service and manufacturing 
requirements desired in this part, a quantity of 
the die-cast gimbals were subjected to systematic 
laboratory tests. Mechanical properties, dimen- 
sional stability, machinability, ability to be ano- 
dized, resistance to salt spray, and resistance to 
stress-corrosion cracking were checked. 

For the gimbal application, the most important 
mechanical property of the new alloy is the elastic 
or proportional limit. The slightest amount of 
permanent set is detrimental to correct operation. 
Since a die for casting tensile test bars was not 
available, mechanical tests were made on the gim- 
bals and the results compared with similar test 
data previously obtained with other alloys 

The gimbals were placed in a fixture as illus- 
trated in Fig. 2, and a measured load applied to 
the arms by means of a rod attached to the weigh- 
ing head of a hydraulic testing machine. The 
deflection was determined by reading a dial exten- 
someter coupled to the lower surface of the arm 
through a lever, and load-deflection curves were 
derived. The proportional-limit load was taken at 
the point of departure of the curve from a straight- 
line relationship. For convenience, the propor- 
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tional limit rather than the elastic limit was 
determined, as the two are very close. 

The gimbals were tested in the as-cast con- 
dition, as stabilized for 4 hr. at 390° F., and as 
solution heat treated and aged at 390°F. The 
results are shown in Table II. Solution heat treat- 
ment was performed for information only; die cast- 
ings are seldom heat treated in production because 
of the danger of blister formation. 

The simple aging treatment at 390° F. was of 
most interest to us, as it was desired to relieve 
residual casting stresses, and in addition, to sta- 
bilize the alloy so that the mechanical properties 
would remain unchanged during subsequent room 


Table Il — Limit Loads of New Die-Cast Alloy Gimbals 


with similarly tested gimbals of Ternalloy 8 and 
alloy 380. The deflections of Ternalloy 8 and 
alloy 37 were identical; alloy 380 was much higher. 
Since investment-cast Ternalloy 8 gimbals per- 
formed satisfactorily under service conditions, it 
was felt that the ductility of alloy 37 was adequate. 

The ternary aluminum-magnesium-zine alloys 
are among the most machinable of the aluminum 
alloys. It was found by routing about 25 of the 
new die-cast gimbals through the regularly sched- 
uled machining operations that the machinability 
was equivalent to Ternalloy 8. Fine finishes could 
be attained, and drilling and tapping performed 
with no revision of machine settings and standards. 

Several die-cast gimbals were processed 
through the sulphuric acid and chromic 
acid anodizing baths. No difficulty was 





StLicon : 
. CONDITION 
CONTEN1 
As Die Cast 110 Ib. 
Stabilized at 390° F. 165 
Solution Treated and Aged 195 


As Die Cast 70 
Stabilized at 390° F. 185 
Solution Treated and Aged 200 





AVERAGE Loap At 
Proportion aL Limit 


encountered in securing uniform anodic 
coatings similar to those on Ternalloy 8 

The corrosion resistance was deter- 
mined by exposing samples to salt spray 
tests in the anodized and unanodized con- 
ditions. The anodized samples passed the 
requirements of Army-Navy Aeronautical 
Specification AN-QQ-A-696, which calls for 
resistance to 250-hr. exposure. The un- 








temperature aging. Measurements made at succes- 
sive time intervals after stabilizing showed that the 
dimensional stability was equal to that of the 
investment-cast gimbals made from Ternalloy 8. 

A number of die-cast gimbals were permitted 
to age at room temperature to see whether hard- 
ening would be inhibited by the addition of silicon 
These last samples were not tested in deflection, 
but were checked for hardness over a period of 
six months. The results are plotted in Fig. 3 

It may be seen from Table II and Fig. 3 that 
the addition of silicon in excess of 14%% to the 
ternary alloy does not inhibit hardening either at 
room temperature or at elevated temperatures. It 
may further be seen by comparing Tables I and II 
that the proportional-limit load of the stabilized 
gimbal in the quaternary alloy exceeds the value 
obtained with investment-cast Ternalloy 8, which 
was also stabilized. Solution heat treatment and 
aging increased the limit load still further. The 
new alloy has an elastic strength four times as 
high as that for alloy 380. From the standpoint 
of strength, then, it was evident that no malfunc- 
tioning of the instrument would occur from the 
use of the new alloy, which we call Sperry alloy 37 

An approximate measure of the ductility was 
obtained by continuing the deflection test of the 
arms until fracture occurred. The amount of 
deflection, and the fractured surface, were compared 


anodized samples, however, were found to 
be slightly inferior in corrosion resistance, 

as compared with Ternalloy 8 and alloy 380. 
Susceptibility of the new alloy to stress- 
corrosion cracking was also investigated. Bearing 
housings and bearings were mounted in the holes 
in the ends of the arms of the gimbal, and 
clamped in place as shown in Fig. 1. The clamping 
screw was tightened using a torque screwdriver, 
and loads corresponding to 30, 60 and 90% of the 
proportional limit of the material were applied. 


we | Ternatloy 8+4 "9% Si 

. +2%% Si 

« +1 & Si 

H Ternalloy 8 
Sand Cast 
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The clamped gimbals were then exposed to a 10-day 
humidity cvele consisting of 6 hr. at 150° F. and 
95% relative humidity, followed by cooling to room 
temperature conditions in 18 hr. All specimens 
passed this test except one stressed to 90% of the 
proportional limit, which failed at the end of 7 
days. This was considered good, as the investment- 
rast Ternalloy 8 gimbals failed at 60% of the 
proportional limit within 5 to 6 days. 

In view of the favorable results obtained, it 
was decided to release the new alloy for use in the 
production of gimbals. A typical composition of 
alloy 37 as finally adopted is: 


Silicon 


Magnesium ( 
Zine 3.5% 


In addition, the alloy contains 0.1% copper, 0.2% 
chromium, 0.3% iron, 04% manganese, 0.03% 
nickel, and 0.07% titanium. To date, about 2000 
gimbals have been die cast in a Lester-Phoenix 
cold chamber machine at 26,000-psi. pressure, 
processed through the shop and placed in service 


Metallurgical Considerations 


In the desire to release the new alloy for pro- 
duction as quickly as possible, litthe opportunity 
was afforded to study its microstructure in detail. 
Published data on the phase relationships applying 
to the Al-Mg-Zn-Si quaternary system are meager, 
and are not considered relevant because the ternary 
phase Mg,Zn,Al, has been neglected. This ternary 
phase is a precipitation hardening agent of con- 
siderable power, and is responsible for the high 
strength of the Ternalloys 

Magnesium, under equilibrium conditions, will 
combine more readily with silicon to form Mg,Si 
than with aluminum and zine to form the ternary 
phase. The compound Mg.Si, however, contributes 
only a slight hardening effect at room temperature, 
and extended periods of time are required to pro- 
duce the improvement in hardness 

In alloy 37, silicon is present in excess of the 
stoichiometric ratio required to combine with all 
the available magnesium to form magnesium sili- 
cide. In spite of this, some magnesium is probably 
combining with zinc and aluminum to form the 
ternary Mg,Zn,Al, phase necessary for producing 
high strength and hardness by room temperature 
aging. The curves of Fig. 3 seem to bear this out, 
since the addition of increasing amounts of silicon 
to Ternalloy 8 does not repress age hardening at 
room temperature 

On the other hand, in alloy 40E in which 
magnesium is present only to the extent of 0.6° 
silicon reduces the ultimate hardness of the alloy, 


although a pronounced hardening effect still occurs. 

Equilibrium is not attained under the condi- 
tions of rapid cooling that occur in die casting, so 
that both phases co-exist, provided a certain thresh- 
old limit of magnesium or zine is present. Micro- 
graphs are shown in Fig. 4. It is hoped that future 
investigation will clarify the effects of composition 
on microstructure. 


Additional Test Work 


Future test work has been planned, in which 
the ratio of silicon to magnesium to zinc will be 
varied between wide limits in order to determine 
the optimum composition with regard to mechani- 
cal and other properties of the alloy. Preliminary 
experiments on alloys containing no zine and on 
others containing no magnesium indicate that both 


Sperry Alloy 37 
Aged 4 hr. at 390° F. 


Ternalloy 8 
Aged 15 hr. at 310° F. 


Fig. 4 Microstructures at Critical Section of 
Gimbal. Keller's etch. 250X (Micros bv H. Griffen) 


these elements must be present to secure the high 
elastic properties. The need for chromium, tita- 
nium and nickel is not apparent at present, but 
they may be necessary for specialized properties. 

The future work will be conducted on die-cast 
tensile test bars conforming to A.S.T.M. dimensions 
so that the mechanical properties can be developed 
in a form usable for engineering design. Stress- 
corrosion cracking and aging response are also to 
be studied, and metallographic examination may 
establish alloy partition and phase relationships. 
It is hoped that out of this work will evolve an 
aluminum die-casting alloy that has an optimum 
combination of engineering properties for this 
class of material 8 
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ATURE denied America, which she favored in 
sO many ways, any workable deposits of 
columbium or tin. These two are coupled because 
nearly all the columbium comes from tin placers 
in Africa. (Nobody needs to be reminded of the 
tin can’s importance.) Columbium— unknown 
commercially 20 years ago — is the favored element 
for stabilizing 18-8 against “weld decay”, and really 
becomes strategic in the production of strong 
alloys for the hot spots in jet engines. The grow- 
ing tonnage of these alloys for gas turbines, which 
may contain up to 442% Cb, has led to a critical 
problem in supply, since the earlier use for 
columbium in stabilized 18-8 (Type 347) has in 
the past consumed most of the world’s production. 
This for America’s consumption of Type 347 alone. 
It is not surprising, therefore, that attention 
was turned as early as 1934 to tantalum, a metal 
twice as heavy as columbium but exactly below 
it in the periodic table of elements, and there- 
fore likely to have quite similar metallurgical 
effects. In fact, the columbium concentrates (ores) 
being imported from Nigeria usu- 
Columbium ally contain 5 to 10% tantalite 
or tantalum? 
or both? 


c 


5% tantalum 


and the standard American ferro- 
columbium has analyzed about 
10% iron, 55% columbium and 
“Pure” tantalite for the equally 
strategic tantalum metal is’ also rather rare; on 
the other hand, comfortable quantities of mixed 
columbite and tantalite (Cb,O, and Ta,O,) in the 
2 to 1 ratio are available. The metals are very 
hard to separate chemically; it would be nice if 
they were equally potent in their specific metallur- 
gical effects. 

This seems to be true. For example, the 4% 
columbium in a melt of heat resisting S-816 alloy 
was entirely replaced by metallic tantalum and the 
stress-rupture tests were on the high side of the 
scatter band for the conventional alloy. Similar 
substitution for the 0.85% Cb in Type 347 gave a 
stainless sheet that corroded at about the same 
rate in the standard nitric acid tests. A preliminary 
conclusion is, therefore, that a ferrocolumbium- 
tantalum made from mixed oxides and analyzing 
40% iron, 40% columbium and 20% tantalum will 
be equally effective in the alloys used at present, 
when the quantity added corresponds to the fact 
that tantalum’s atom is twice as heavy. 

Such a conversion from 10:1 Cb: Ta ferro-alloy 
to a 2:1 Cb:Ta ferro, no matter how desirable 
from a conservation standpoint, will require a 
deal of work in the chemical, petroleum, aircraft 
and gas turbine industries. Especially in the latter 
two will prototypes need to be made, installed, 
block tested and flown. This takes time also 
official approval from the Air Forces. To be for- 


Critical Points 


By The Editor 


ward in the matter, the Society for Automotive 
Engineers’ quasi-official Committee on Aeronauti- 
cal Materials has already modified the so-called 
A.M.S. specifications to include materials made 
with the Cb-Ta mixtures. Also: Much stainless 
containing columbium is probably now used for 
high-temperature work, “just to be safe”, in places 
where it is not necessary. An early attempt to 
find out the actual requirements in service might 
pay great dividends in an emergency 

On the basis that Type 347 steel is of prime 
use to resist liquid corrosion rather than high- 
temperature gases, the processing industries would 
do well to support generously The Engineering 
Foundation’s investigation on the resistance of 
If the facts 
are known, much of the columbium in stabilized 
18-8 can be eliminated, either by using titanium- 
stabilized sheet (Type 321) for those purposes 


welded sheet to service conditions 


where its corrosion resistance is sufficient, by 
stabilizing the present extra low-carbon grades of 
18-8 with a proportionately smaller amount of 
Cb-Ta, and possibly driving the carbon down to 
0.02% so low that additions are unnecessary. 


T Nationat Sreet Car Co. of Hamilton (Can- 
ada) found an interesting application of the 
“stretch-forming” technique perfected by the air- 
craft industry, where the ends of Z-sections are 
grasped by clamps and pulled down over a form 
of proper shape to make roof carlines. That this 
idea of bending taut metal is not restricted to thin 
sheets of aluminum is proven by its use for form- 
ing roof beams, side posts, and irregularly shaped 
stiffeners for railway passenger cars. JAMES 
CASSELL, @, tool engineer for the car builders, said 
the new equipment reduced five 
handlings to two, as well as saved 
This adds 
to the repertoire of forming 
methods observed in car shops, 
already leaning heavily on massive bending rolls 
and presses for hot-forming and flanging structural 
parts of irregular shapes. . . A most interesting 
series of refrigerator cars has recently been com- 
pleted for the Canadian Pacific Railway ~- each one 
really a box within a car. Externally each one 
looks very like a modern box car with smooth 


Temperature- 
controlled 
freight cars 


considerable material 
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steel sides and collision-proof ends. However, 
enclosed in this steel box is another one, completely 
wrapped around with 4 in. of blanketed insulation. 
The inner box is self-supporting, with welded floor, 
sides having rectangular flues made of copper- 
bearing steel sheet filling the spaces between 
U-beam posts; top beams strong enough to support 
meat-hook rails below and eight ice-brine tanks 
above. In turn this box is completely lined with 
wood. The plywood roof forms a plenum chamber 
under the steel car roof, cooled by the brine tanks 

a reservoir for supplying cold air to the side- 
yall flues. Sides of the car and its floor are 
heavily slatted for rough wear, the floor being 
hinged along the sides so it can be tilted upward 
for cleaning. This wood floor also protects heater 
pipes for use when the cargo needs warmth rather 
than chill, in which event the heat is supplied by 
a charcoal burner swung under the car sills; the 
circulating medium is a solution of antifreeze 
ans, pipe and fittings coming in contact with the 
refrigerating brine are of steel, heavily galvanized, 
built according to best practices for ice-making 
plants; pH of solutions is checked periodically; 
thermometers outside the car show the inside tem- 
peratures at floor and roof. Thus, everything is 
quite comfortable for the traditional hog-on-ice 


EVISITING Carnegie Institute of Technology 

after too long an absence, found the metallur- 
gical department's laboratories in process of recon- 
struction and metallurgical research figuratively 
bursting its seams. Most of the latter is financed 
by Uncle Sam; for research at Carnegie is for the 
most part directed at fundamentals, 
matters which 


Fundamental 
metallurgy 


(unfortunately) 
industry is not so keenly interested 
in as to pay the bill. Diffusion in 
solid metal is the common denominator of many 
of the investigations — and well it may be, since 
it is basic to most of our “practical” heat treat- 
ments. Researches at Carnegie Institute have 
thrown much light on the hardening of steel, on 
the annealing of brass, on the carburizing and 
nitriding processes, on scaling and corrosion resist- 
ance. However, even yet, Director Ropert Ment 
says, there is no wholly clear understanding of 
the mechanism of diffusion how an atom gets 
through an assemblage of other atoms, already 
closely packed Considerable important work 
is now making use of radioactive isotopes or tracer 


elements work that for convenience and safety 
is done in an off-campus building. For example 
Harry SCHADEL measures the vaporization of silver 
(radioactive silver from the Atomic Energy Com- 


mission) by heating the metal in a vacuum and 


condensing the evaporating atoms on a cold disk 


Its amount may be as little as a millionth of a 
milligram if the temperature is much below silver’s 
melting point, but it can readily be estimated by 
measuring the transferred radioactivity. Time, 
temperature, amount — these factors being varied, 
give data from which latent heat of vaporization 
can be accurately computed, a figure fundamental 
to thermodynamical activity and thus related to 
diffusion constants. Other lines of study, under 
general direction of Ernest BinCHENALL, use tracer 
elements to determine interchange of atoms 
between environment and metal surface (auto- 
photographs made by laying the surface on sensi- 
tized paper show the progress of corrosion and its 
variation, point to point). Most difficult is the 
study of the iron oxide-hydroxide complex com- 
monly called rust New as these techniques 
are, substantial work continues on the old problems 
of steelmaking, on the properties of forging steels, 
and, oh yes, the glamour girl of metallurgy as well 
nodular cast iron! 


EMBERS of the American Society for Metals 

can do their Country and their profession a 
good turn by spreading the word to senior high- 
school boys that metallurgical engineering would 
be a wise course for them to choose in college 
In the first place, a college education of any kind 
is worth the money it costs. Median salary of all 
male college graduates is 84689, whereas the 
median income of all American wage earners is 


Wanted — 
students for 


metallurgical 
courses 


*2840. In the second place, a course 
in engineering results in somewhat 
better jobs than other college grad- 
uates hold — the median salary of 
engineers is $4704 In the third 
place, metallurgists are much better 
paid than the general run of engineers their 
median salary is #6368 (as revealed by an © 
survey of its members in 1949). 

As to job opportunities, educators generally 
are worried about the current slump in engineering 
enrollment. For some years the G.1.’s have swarmed 
over the campus, but the freshman classes of 1949 
will graduate only 19,000 engineers in 1953 — less 
than half the number of 1949 engineering graduates 
who were actually placed in jobs which utilize their 
engineering training. This slump in incoming stu- 
dents holds true for metallurgists as well. If there 
is anything left of the law of supply and demand, 
the embryo metallurgists graduating in the mid-50's 
will be able to pick their jobs at rather fancy 
entrance salaries P.S.-- The @ has a 100-page 
booklet, “Your Career in the Metallurgical Profes- 
sion”, that would be a good thing for you to put 
into the hands of a smart high-schooler Also a 
disk a 30-min. dramatized recording. Se 
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Tumbling for Low-Cost Finishing 


By Adolph Bregman 

Consulting Editor for Metal Progress 
Consulting Engineer 

New York City 


In the past few years rapid advances have been 


made in polishing and finishing metal products 


by tumbling. 


becoming more and more widely accepted for large- 


scale, low-cost finishing operations. 


Mr. Bregman’s opinion, it is still insufficiently 


explored for breadth of applicability. 


fe ttyagre FINISHING consists of rolling the work 
in a tumbling barrel, with a cutting or non- 
cutting compound, a rolling medium or carrier, and 
a fluid lubricant (often simply water). Small, 
simple, sturdy pieces may not require any rolling 
medium and such parts are termed “self-rolling”. 

The primary purpose of tumbling is to elimi- 
nate at least a large part of the most expensive 
operation in metal finishing — namely, hand or 
wheel polishing. However, it is not generally 
appreciated that tumbling can produce a_ luster 
close to the finish obtainable on a wheel. As one 
convinced proponent has stated, the art of tum- 
bling has now progressed to the point where it is 
often difficult to tell the difference between tum- 
bled and buffed parts. 

General Principles Tumbling takes place by 
the rotary movement of the load, which, in moving 
upward with the barrel, reaches the angle at which 
gravity overcomes the friction holding the mass 
together. At this point and above, the surface of 
the load slides toward the bottom of the barrel. 
According to one school of thought, most of the 
work is done at this sliding surface and much less, 
N. G. L. Russell believes, 
therefore, that an overloaded tumbler will subject 
the parts to added pressure but reduced sliding 


if any, within the mass 


action, and consequently will produce less. Thus, 
a barrel filled to 1 in. below center will be finished 
before an overloaded barrel, and the quality of 


As a result, this process is now 


finish will be higher. It is better to 
underload the barrel and then gradually 
increase the load until the best results 
are obtained. 

The quantity of sliding material and 
the depth or thickness of the slide 
increase with greater speed, up to the 
limit at which the work parts are tossed 


However, in into space, eliminating friction, Of 


course, at still higher speeds, the load 
adheres to the periphery of the tumbler 
and all frictional action ceases. 

An important factor is the barrel 
diameter. A 30-in. barrel, for example, 

provides a longer length of slide and 
consequently greater force of impingement at the 
bottom and greater output than a 15-in. barrel. 
However, fragile or soft parts which might be 
damaged by the force of impingement and the 
pressure of the deeper load should be processed 
in smaller barrels. 

A different theory of the action within the 
barrel has been propounded by Hans Weiss. 
According to him, there are four distinct move- 
ments in the tumbler: 

1. The relative motion of the seemingly sta- 
tionary mass against the bottom wall of the barrel. 
2. Adhesion to the barrel wall, raising the mass 
on the upgrade while gravity works in the opposite 
direction. When the top edge breaks over, a rela- 
tively small part of the load which is on top takes 
the long slide, while the balance settles down into 
the mass where it is subjected to short, very numer- 
ous rubbing actions between the parts and the roll- 
ing medium. 
3. The slide across the diagonal of the barrel, 
which is the longest and most evident motion 

4. At the end of the slide, both parts and 
medium disappear into the mass. The settling, rub- 
bing and churning actions are repeated. 

It is Weiss’s opinion that movements (1) and 
(3) play a minor part in the surface effects. It is 
not known how far the movements (2) and (4) 
extend toward the center of the mass and it is 
assumed that these two movements also are 
decreased in large-diameter barrels compared with 
smaller ones, but they may be increased in inten- 
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sity by other forces, one of which is pressure due 
to increased weight. Just as pressure is one of the 
vital factors in wheel grinding and polishing, it is 
also effective in tumbling. It may be applied in 
tumbling by the choice of larger barrels (and thus 
heavier weight of the total load) and by the use 
of heavy mediums. As evidenced by barrel bur- 
nishing with steel balls, the main factor in pro- 
ducing a highly polished surface is pressure under 
proper lubrication. Weiss cites his experience that 
heavier tumbling mediums shorten tumbling times, 
and that larger and heavier single pieces of tum- 
bling medium speed up deburring action, to sup- 
port his belief that pressure contributes much to 
accelerate cutting-down and _ surface-smoothing 
operations. 


Equipment 


Tumblers are of two types, horizontal closed 
and oblique open. Horizontal tumblers are most 
widely used because of their greater capacity. 
Oblique open tumblers are useful for small or 
odd-lot production or for self-tumbling. The bar- 
rels may be of steel shell construction with hard 
maple liners, easily replaced without dismantling 
the machine. Maple is the longest-wearing and 
most stain-resistant wood used for lining, but 
progress has been reported in rubber and other 
synthetic linings with the prospect of longer service 
life and effectiveness. 

Tumblers may be cylindrical or polygonal in 
shape. The cylindrical barrel provides the smooth- 
est movement while the polygonal barrel causes as 
many jerks during one revolution as the barrel 
has corners. These jerks may contribute to the 
churning action, but also increase the risk of hard 
hits. It is the opinion of Weiss that the force of 
the jerks decreases with an increasing number of 
corners and therefore, while the hexagonal barrel 
may be more rapid in deburring and cutting action, 
it is more likely to cause damage to the surface 
of the work than an octagonal or round barrel. 

There should be no protruding parts inside the 
tumblers to catch and mar the work or retard 
operations. Their speed should be adjustable and 
conventional safely devices should be installed, 
such as vent cocks to release gas pressure and a 
thermostatic overload switch to prevent burning 
out in long runs or night work. The barrel may 
also be fitted with a tumbler which automatically 
separates the work from steel balls. Upon com- 
pletion of a run, a perforated tray is set into the 
tumbler which is then given a partial revolution 
The balls are automatically separated from the 
work and the finished parts can be discharged 
quickly from the machine. 


The equipment most generally used is the hori- 
zontal wet barrel, completely enclosed and water- 
tight. For dry de-finning, an open-meshed barrel 
may be used so that the burrs and fins drop 
through the meshes. In such barrels, the parts 
may be self-tumbled or rolled with balls and pegs. 
The sheet steel barrel, wood lined, is also suitable 
for dry finishing. 

Sizes vary, of course, but a typical dry process 
barrel is about 30 in. in diameter and 36 in. long, 
operated at speeds from 12 to 28 r.p.m. For lim- 
ited plant space, small parts and small production 
requirements, small machines are available, such 
as, for example, one using a chip mass of 25 Ib. 
and processing as little as 5 lb. of parts. 

Multiple tumbler units are available, entirely 
enclosed or with open-frame construction, with 
tumblers arranged vertically or horizontally. The 
picture on the next page shows a typical battery 
of tumbling barrels suited for mass finishing. Each 
tumbler should be adjustable to the speed required 
for its particular operation, such flexibility per- 
mitting different types of products and different 
operations to be carried on simultaneously. The 
unit may have built-in screens so that the abrasive 
is screened out automatically as the work is tum- 
bled. Special features may include variable-speed 
drives and electric timers with push-button 
controls 

Accessory equipment consists of screens, hoist 
pans, separating tables, chip bins, hand, mechanized 
and magnetic separators, and water and oil tanks. 

Oblique barrels have the advantage of low cost 
and easy loading and unloading. However, this 
type of barrel is limited largely to use with self- 
rolling parts since the work and the rolling 
medium tend to separate in such a way that large 
or light pieces float to the top and small, dense 
pieces remain at the bottom. 


Carriers or Rolling Mediums 


The carrier or rolling medium is the bulk 
material used to keep the parts from striking 
against each other, to improve the sliding action, 
to effect contact at points which cannot be reached 
without their aid and to distribute the abrasive 
material. A large number of mediums are in use: 
steel balls and other shapes, zine alloy shapes; 
aluminum oxide, crushed and sized; wood shapes; 
vegetable ivory pieces; cinders, slags, abrasive- 
impregnated rubber and sand; all the way down 
to sawdust, leather, nut meats, ground corn cobs, 
cracked corn and dry ice. 

Many of these materials are being replaced by 
quarried rock (“chip”) which has been crushed, 
screened and tumbled to remove sharp edges. A 
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new form of chip is also available, a sharp abra- 
sive, uniformly dispersed in a strong and relatively 
heavy bonding material. 

A medium should be selected which will not 
clog blind holes or recesses in the work. If the 
holes are small and would fill up with sawdust 
and abrasive compound, shapes larger than the 
holes should be used; or they should be so small 
that they cannot jam. It is also essential that the 
medium be properly broken in before production 
runs, to eliminate scratches or dust which would 
harm the work. The medium should always 
readily screenable from the work. 

Metallic mediums are of two types, steel and 
zinc alloys. Hardened steel is obtainable in uniform 
sizes and shapes like balls, diagonals and balcones, 
highly polished. They are used exclusively for 
burnishing operations, only with noncutting com- 
pounds. Zinc alloys, in small diagonal forms and 
in flat disks, do excellent work in smoothing soft 
metals and in cutting and polishing hardened steel 
or stainless steel 

The effect of the 
character of the work. 
chips, for 


medium depends on _ the 
The larger and heavier the 
example, the greater the action on 
corners and exposed surfaces of the work, but the 
poorer the action on recessed and protected sur- 
facgs. Small or fine mediums will give better 
finishes 

Proportions of medium to work depend on the 


nature of the parts, tumbler speed, type of medium 


and the finish required. Sometimes even a 1-to-1 
by volume suffices, although ratios generally range 
from 2 medium to 1 work, to 10 to 1. An extreme 
example of 21 to 1 for large heavy parts has been 
cited. The larger and heavier the part the higher 
the proportion of medium 


speed 


Large-diameter or high- 
require a greater proportion of 
medium than small or low-speed barrels 


barrels 


For another example, a tumbling mixture of 
1 part balls, 2 parts pegs and 2 parts work may be 
considered average. For small light parts the load 
may be %% part balls, 1 part pegs, and 1 part work 
Small steel stampings up to about 1 in. in the 
largest dimension may be run satisfactorily with 
a volume ratio of 1 to 1; steel stampings up to 
3 in. long may require 3 to 1 for the medium-to- 
work ratio. Angle pieces, cupped pieces, and the 
like may require 8 to 1 or higher ratios. For 
burnishing, 1 part of work to 5 of steel shot is a 
common proportion 

The usual practice is to run the first load with 
a high medium-to-work ratio and then decrease 
the ratio gradually as far as consistent with accept- 
able results. 

Steel burnishing mediums must be maintained 
free from rust or tarnish, mirror-bright and clean 
They should be stored in a container with sufficient 
water and burnishing compound to keep all of the 
shot completely covered; or, if for long periods, 
they should be coated with a rust-preventive and 
kept covered. When shot is to be 


used again 


This Battery of Tumbling Barrels Is Suited for Mass Finishing in Any Cycle to 


fttain Any Type of Tumbled Surface. 


Courtesy Lupomatic Industries, Inc. 
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after an inactive period, it should be cleaned in a 
good soak cleaner and rinsed thoroughly before 
being loaded into the tumbling barrel. Discolor- 
ation and rust should be removed with mild 
cleaners, but acid dips should be avoided. 


Compounds 


Barrel finishing compounds may be classed as 


“cutting” and “noncutting”. 
tions: (a) abrasion or cutting, (b/ lubrication, 


They have four func- 


(ec) cleaning, and (d) prevention of corrosion or 
staining between operations. 
either self-tumbled or which uses a steel medium, 


For work which is 


these compounds consist of an abrasive, a high 
titer soap or an alkali, or mixtures of these three. 
With chips, soap may suffice, but with loose abra- 
sives, alkalis and soapless cleaners with wetting 
agents may be used to advantage. For burnishing 
nonferrous metals, the alkalis should be quite mild 
(pH below 8 for aluminum) to avoid etching. 
Acidic chemicals may be employed to soften or 
dissolve any metallic scale present, to facilitate 
scale removal in tumbling 

There are many alkaline agents which will aid 
in rust prevention and provide detergent action, 
such as caustic soda, trisodium phosphate, tetra- 
sodium pyrophosphate and washing soda. So, for 
example, in self-tumbling steel parts, a mixture of 
sharp silica and trisodium phosphate will be satis- 
factory if the ratio of water to abrasive is properly 
adjusted. After the abrasive run, the smoothed 
parts will have a gray, satin finish, but the clear 
metallic color may be restored by burnishing. 

Freshly cut metal surfaces and fine metal 
chips may react with the water in the barrel to 
form oxides and liberate hydrogen. The compounds, 
therefore, should contain the necessary buffers and 
inhibitors to prevent corrosion or pitting of the 
metal. Obviously, different metals will require 
different compounds. Burnishing ard “shine-roll- 
ing” compounds contain soaps, buffers, cleansers, 
emulsifiers, and the like, and are also specific. 


Abrasives 


The choice of abrasives, always critical for 
effective tumbling, can be determined only by 
experience. The type of abrasive and grain size 
depend not only on the cutting or smoothing action 
desired, but also on the material being tumbled 
Sharp silica is often satisfactory but a harder, 
longer-lasting material is aluminum oxide grain 

Free abrasives added to chip loads will prevent 
flat, thin parts from sticking together or adhering 
to the sides of the barrel. They will also help to 
produce a surface better adapted for paint 


Methods of Operation 


The most important element in tumbling is 
setting up properly for the specific parts to be 
treated. The considerations include the type of 
piece, the material, the shape, size and weight, the 
original surface, the finish desired, and production 
requirements. The cycle decided upon will deter- 
mine the type and amount of compound, the type 
and amount of carrier, the type of barrel, the barrel 
speed and the relative proportions of work, abra- 
sive and carrier in the barrel. 

Tumbling may be done either wet or dry. 
Each method has advantages for special purposes. 


Dry Tumbling 


Dry tumbling may be divided into three broad 
classes: (a) cutting down, (b) smoothing ort 
cleaning, and (c) polishing. Cutting down may 
be likened to greaseless polishing or finishing, on 
the wheel. It may be coarse for deburring, or 
so-called “normal” in character 
the part 


It does not shape 
Edges may be rounded and light burrs 
removed, but heavy fins or large imperfections are 
not removed except by prolonged dwells in the 
barrel. 

Smoothing is equivalent to a cutdown with 
tripoli, tending to reduce surface imperfections. 
It also removes the residual abrasive from the 
previous cutting-down operation. 

The polishing operation imparts a high-luster 
finish. 

These three classes may be further subdivided 
to include “extra coarse” cutting, “light” cutting, 
and so on. 

The above operations may be used singly or 
in combination. For example, die castings which 
have been carefully die trimmed may call for only 
a smoothing tumble, one of the commonest and 
quickest setups. 

After dry tumbling, the parts have a film which 
should be removed by solvent degreasing if they 
are to be plated or lacquered. 

Dry tumbling has a wide range of applicability, 
from heavy castings (which are self-tumbled) to 
the last finishing operations on small articles of 
light weight; even after electroplating, with the 
use of sawdust, leather scraps, felt pieces or a 
similar medium. Parts of intricate shapes, with 
grooves or recesses, present difficulties due to clog- 
ging of the medium, but all parts which present 
their full surface, whether flat or curved, to the 
action of artificial balls of ‘4 to 1-in. diameter, 
can be dry tumbled. Such an operation will also 
remove the discoloration or tarnish resulting from 


a preceding wet process. Continued on p. 680) 
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Oxidation of Molybdenum 


in Air at 1100 to 1600° F. 


By B. Lustmen 
Westinghouse Research Laboratories 
East Pittsburgh, Pa. 


Molybdenum (now available in high state of the sheet 
purity in ingot, sheet or rods) has many attrac- 


tive properties, including high melting point, with 


but one regrettable defect of rapid 


strophic 


to a molybdenum-base alloy with a nonvolatile, 


impervious, refractory and protective scale. 


REVIEW of the literature disclosed no specific 
A information on the rate of oxidation of molyb- 
denum in air at atmospheric pressures. Informa- 
tion on this characteristic being necessary as a 
guide in alloy development, some preliminary tests 
were made with the results given herein. 

To determine the rate of oxidation, samples of 
30-gage sheet (0.0125 in. thick), 1 by 1% in. in 
dimension, were cleaned by pickling in dilute nitric 
acid, and then heated in air in a muffle furnace at 
1100, 1350, 1500, and 1600° F. for various lengths of 
time. The specimens were weighed before and after 
oxidation. To determine how much metal was con- 
verted to oxide, the scaled specimens were cathodi- 
cally treated in dilute sulphuric acid at a current 
density of approximately 100 amperes per sq.ft., 
and again weighed after thus completely removing 
the adhering scale. 

At 1100°F. the surface was coated with a 
loosely adherent scale consisting of an oxide which, 
at temperature, was yellow but became white on 
cooling to room temperature; this color change is 
characteristic of MoO,. ‘The oxide thickened in a 
direction perpendicular to each surface of the 
sheet so that, after heating, the specimens possessed 


even cata- 
Dr. 


Lustman indicates the principles that will lead 


reaction with hot atmosphere. 


a slab of oxide adhering to each surface. 
This behavior is similar te that shown 
by tungsten. At the higher temperatures, 
surface after oxidation was 
covered with a crystalline, steel-gray 
oxide, the size of the crystals increasing 
increasing temperature. At 1500 
and 1600° F., it was noted that the oxide 
was molten. 

The behavior of molybdenum on 
oxidation is necessarily complex because 
of the nature of the oxide, MoO,, which 
forms on heating in air. This oxide 
melts at a low temperature (1460° F.); 
furthermore it possesses a high vapor 
pressure below as well as above its 
melting point. Thus, at temperatures 
above the melting point of the oxide, the rate of 
attack of molybdenum by air will depend on the 
vapor pressure of the oxide, the amount of liquid 
oxide adhering to the surface, the degree of wet- 
ting of the surface by the oxide, the rate of gas 
flow past the specimen surface, and possibly other 
factors. At such high temperatures one would 
expect molybdenum to be rapidly attacked by air, 
since metals generally show only slight resistance 
to oxidation when protected only by a molten 
oxide. At temperatures below the melting point 
of the oxide, the oxidation rate will be controlled 
by the vapor pressure of the oxide and by the 
degree of protection afforded the metal by the 
solid scale. 

It is known that tungsten, which chemically 
and physically resembles molybdenum closely, is 
not protected against further oxidation by the 
oxide which forms, and that the amount of 
oxidation therefore increases linearly with time. 
It will be shown in the following experimental 
results that molybdenum resembles tungsten in 
that the scale formed during oxidation in air at 
low temperatures is not protective. 

Weights of the oxidized samples (Table 1) 
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Table I— Weight Changes After Oxidation and Before Descaling 
- is loss; expressed in g. per sq.in. of surface) 


(+ is gain; 


1600° F. it seems inde- 
pendent of temperature. 





1100° F. 1350° F. 


Time CHANGE Time | CHANGE TIME 
0.25 hr. | +0.003 | 0.5 hr. +0.007 0.084 hr. 
1.0 +-0.006 1.1 +0.018 0.16 

16.5 +-0.062 2.1 0.005 0.33 

40 | 40.140 | 3.0 0.085 

66 +-0.225 } 





1500° F. 
CHANGE TIME 


0.213 | 0.04 hr. 0.085 - nonhgiet 
0.455 | 0.16 0.425 ing on oxidation, melts 


0.890 0.50 0.906 


: — T se >s 8 & " 
1600° F. } These results are ex 
plicable when one con- 
siders that MoO,, the 


major constituent result- 


CHANGE 


at 1460° F.; one would 
thus expect a discontinu- 
ity in the oxidation rate 








show that at 1100°F. molybdenum increases in 
weight on oxidation proportionally to time. At 
1350° F. there was first a weight gain and then a 
weight loss as more MoO, was vaporized. At the 
higher temperatures, the specimens lost weight 
continuously and rapidly. In Fig. 1 are shown the 
total losses in oxidized metal; the values plotted 
on the vertical scale are the differences in weights 
of the original specimens and those cathodically 
cleaned after heating. It will be noted that at 
1100° F. the weight loss of molybdenum increases 
linearly with oxidation time. The figures in paren- 
theses represent the percentage of the oxidized 
metal that remains behind on the oxidized sample 
before descaling. At 1100°F., almost all of the 
molybdenum converted to oxide remains on the 
metal surface as an adherent scale. 

At 1350° F., the curve shows that the rate of 
loss of molybdenum seems to increase with time; 
furthermore, only about half of the oxidized molyb- 
denum remains on the metal surface as scale, the 
rest being volatilized as oxide. At 1500 and 1600° F. 
the loss of weight by scaled samples is again con- 
stant (and very rapid). The apparent decrease in 
rate of attack at 1600°F. is probably illusory, 
resulting from a decrease in 
the surface area exposed to 
oxidation. At these tempera- 
tures only a small percentage 
of the molybdenum oxidized 
remains as scale, the percent- 
age decreasing with increasing 
temperature and time 

In Fig. 2 are plotted, as a 
function of the inverse of 
absolute temperature, the log- 


S 
ay) 
is) 


arithms of weight losses of 
molybdenum per hour at each 
temperature; such a plot gen- 
erally yields a straight line 
when applied to oxidation data 
It may be noted that at 1100 
and at 1350°F., the rate of 
oxidation increases with tem- 
perature, whereas at 1500 and 


Log Scaling Rate 


> 
S 
® 


at such a_ temperature, 

since it is hardly to be 
expected that a molten oxide would afford the 
protection offered by a solid scale. At tempera- 
tures above the melting point of the oxide, the 
oxidation rate would probably be controlled less 
by chemical or diffusional rates than by mechanical 
factors such as wetting of the surface by the 
molten oxide or its rate of evaporation. Whether 
the oxidation rates follow, in fact, a course such as 

(Continued on p. 674) 
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Fig. 1 (Above) Amount of 
Molybdenum Oxidized at Vari- 
ous Temperatures and Times 
(Graphs) and Percentage of 
Oxidized Metal Which Remains 
as Adherent Oxide on the Sample 


Meiting Point 
of MoO; 





(Figures in Parentheses) 


Fig. 2 (Left) Tentative Plot 
Showing Variation in Oxida- 
tion Rate of Molybdenum in 
{ir in the Temperature Range 
1100 to 1600° F. Ordinates are 
logarithms of weight losses in 
grams per square inch per 
hour; abscissas are inverse of 
absolute temperatures 
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Alternative lron 


By P. E. Cavanagh 

Assistant Directo 

Department of Engineering and Metallurgy 
Ontario Research Foundation 

bs - : 

1oronto, /ntario, Canada 


NLY A FEW YEARS AGO anyone wishing to 

smelt iron ore in quantities of more than 5 
tons or so a day, smelted the ore in a blast furnace 
or did not smelt it at all. This is no longer true. 
Several commercially proven processes will pro- 
duce iron from ore profitably under certain very 
specific economic conditions. The task will be to 
define these economic conditions and to find out 
whether they exist where iron is needed. 

We in Ontario Research Foundation have 
studied some 150 processes for producing iron 
from ores. Their most important feature from the 
Canadian viewpoint is the amount and quality of 
fuel needed, for reasons outlined in the article 
“Improving Blast Furnace Practice” in last 
month’s Metal Progress. We have confined our 
detailed studies to commercially proven processes 
(operation for at least five years) because we could 
not find any others which showed enough promise 
to develop to the commercial stage, rather than 
spending the same sum of money to install a plant 
using a proven process. 

The following discussion, then, is based on 
data obtained from commercial operations, with 
costs translated to Canadian costs as of 1948. 


Location and Size 


It must be emphasized that the most impor- 
tant factor in deciding whether or not an iron 
smelting industry should be established (or 
expanded) in a certain location is the size of the 
market and the area which can be reached at a 
competitive price. 

For purely economic reasons a blast furnace 
smelting plant must be located close to the source 
of fuel and close to the market for its product, 
rather than close to the iron ore. Thus: In the 
most commonly used combination of equipment to 


Smelting Processes 


produce steel, namely blast furnace and open- 
hearth furnace, about 0.85 tons of iron ore must 
be brought to the smelting furnaces in order to 
produce 0.5 tons of pig iron required to make 1 
ton of steel. This ore costs about $6.25 at the 
furnace. To this iron must be added about 1.8 
tons of coal, 0.5 tons of scrap steel, limestone and 
other materials which cost about $32.00. The 
freight charges on ore, which obtains low “com- 
modity” rates, are much less than the freight 
charges on finished iron and steel, which are 
classed under “product” rates. 

These factors make it evident that it is cheaper 
to bring the iron ore to the coal deposit (which 
generally has a heavy industrial center and steel 
market associated with it). This involves the min- 
imum shipment of materials to the furnace and 
the minimum distance for shipment of product to 
the heavy industrial market. 

For these reasons, then, it is generally true 
that it is more economical to ship ore from a new 
discovery to existing smelting centers than to 
establish new smelting centers near the ore depos- 
its, unless high quality coking coal and a market 
are located near the new ore body, 

This is not a very pleasant conclusion for 
countries such as Sweden, Venezuela and Canada 
where excellent deposits of iron ore exist at remote 
places. However, recent technical developments 
have demonstrated that it is possible, by reducing 
the amount of coke needed to smelt a ton of iron 
ore, to establish profitable small-scale smelting 
operations far from coal deposits. Certain other 
economic conditions must be satisfied in such a 
case. The most important is that the market to be 
satisfied must be so small that the installation of a 
blast furnace cannot be considered 


*The second portion (slightly modified) of a 
paper entitled “Methods for Reducing the Amount and 
Quality of Coke Used in Smelting Iron Ore”, read 
before the United Nations Scientific Conference on the 
Conservation and Utilization of Resources, held in the 
summer of 1949 at Lake Success, N. Y. The short ton 
of 2000 Ib. is the unit used in this paper. 
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Table I — Cost of Blast Furnace Iron 


Table Il — Data on Small Blast Furnace 


Typical Production Costs per Short Ton of Basic Pig lron; Canada, 1948 at Domnarfvet, Sweden, 1947 
One furnace; 900 tons per day; 315,000 tons per year 


Coke: 0.83 tons from own coke plant @ $10.00 & 8.30 
Ore: 2.0 tons @ 50% Fe and $6.50 per ton 13.00 
Limestone: 0.43 tons @ 82.00 per ton 0.86 


Labor: 0.73 man-hr,. at $1.20 0.88 
Repairs and maintenance 0.45 
Cooling water: 12,500 gal. @ 0.003¢ per gal 0.37 
Casting, miscellaneous, and overhead 3.25 
Production cost 

Gas credit 


Net production cost 


*This does not include fixed charges on an investment 


$28,000,000 or any profit for the operation. 


Alternative Processes 


The following brief descriptions only empha- 
size major differences: 

Large Blast Furnace Modern blast furnace 
installations are part of a highly integrated indus- 
try. In addition to producing pig iron, the furnace 
also produces slag, which may be used in making 
building blocks, cement and road materials. The 
gas from the top of the furnace is a very useful 
fuel in an integrated steel plant. The byproducts 
of the associated coke ovens are a profitable source 
of income. These facts are mentioned mainly to 
emphasize that the replacement of blast furnaces 
in any sizable number is almost out of the ques- 
tion at present because no other alternative process 
provides the many useful and necessary byprod- 
ucts for use in an integrated industry. Costs are 
shown in Table I. 

Smali Blast Furnaces — In North America, 


Table Ill — Cost of Electric Pig lron 
Typical production cost estimates per ton of basic pig 


iron 


(Canadian costs, 1948) in three Tysland-Hole 12,000-kva. 
electric smelting furnaces, producing 110 short tons per day 
Plant capacity, 330 tons per day, or 125,000 tons per year 


Coke: 0.45 tons purchased coke mix* % 4.41 
Ore: 2.0 tons @ 50% Fe and 86.50 13.00 
Limestone: 0.40 tons @ $2.00 per ton 0.80 
Electrodes: 0.015 tons @ 8120 per ton 1.80 


Power: 2250 kw-hr. at 0.3¢ 6.75 $26.76 


Labor: 1.7 man-hr. at $1.20 2.04 
Repairs and maintenance O.85 
Cooling water: 10,000 gallons at 0.003¢ 0.30 


Casting, overhead, and miscellaneous 3.40 6. 


Production cost £33. 
Gas credit @ 25¢ per million Btu 1. 


59 
35 


55 


Net production cost 831.807 


*Made of 0.15 tons of metallurgical coke @ $14.75 and 


0.30 tons of coke fines @ $7.35 per ton 


*This does not include fixed charges on an investment of 


about $9,750,000, or any profit for the operation. 
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Feed of Sintered Ore Plus Flux 
Production 200 tons per day 
Hearth diameter 9 ft. 14 in. 
Working height 55 ft. 8 in. 
Working volume 4850 cu.ft. 
Tuyeres s 
Air blown 11,600 cu.ft. per min.* 
Blast pressure 8.6 psi. 
Coke per ton of basic iron 0.660 tons 


* Normal temperature and pressure 


f about 

metallurgists generally believe that a 

blast furnace must have a daily capacity 

of at least 900 tons to compete with 
existing installations. While this may be true in 
the United States (unless special care is taken 
with furnace operation) it is not necessarily true 
everywhere. The advantages to be gained in effi- 
cient operation of a small blast furnace are well 
illustrated by practices at Domnarfvet Steel Works 
in Sweden where efficient use is made of a charge 
that is principally sintered. 

At this plant the charge to the small blast 
furnace is only sinter and coke, since all required 
fluxes and additions are mixed with the fine ore 
before sintering. These blast furnaces were only 
able to produce 100 tons of iron some years ago, 
and are now producing about 225 tons. This 
increase in daily capacity has been achieved mainly 
by increasing blast volume and careful attention 
to preparation of feed. Other data are contained 


Fig. I Sketch of Tysland-Hole Electric Furnace 
(Low-Shaft) for Smelting Iron Ore. Quantities are 
for production of one ton (2000 lb.) of basic pig iron 
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in Table Il. Coke consumption per 
ton of pig iron (0.660 tons) is remark- 
ably low. Evidently, a small blast Fig. 


me ips _ r 
furnace can be efficient and profitable Soderfors Process for Producing 
in the right location Sponge Iron. Quantities are for 
Electric Smelting —— The Tysland- production of one ton (2000 
. lb.) of sponge (90% metallic 


Hole furnace (Fig. 1) is at present the 
most satisfactory furnace for electric 
smelting of iron ore. Coke fuel is 
replaced by electrical energy rhe 


one sixth. This gas reduces and pre- 


30,000 Cu Ft — 
I, Ad 


Top Gas 
53,500 Cu. Ft. af (00°F . 
15% COp 
12%02 
65% Nz 


» 


2 Diagram of W iberg- 


Combustion Air 


. 45,000 Cu. Ft 6 , | 
replace ; electrical energy. T Pre Reduction 
quantity of gas escaping is only about Spent Reducing Gas Zone 


FezOs to FeO 
1600° F. 


ifter only a very short travel up the 
shaft. There is, therefore, no neces- 


ity for a high shaft, and the pressure F 
sity for a high i | a 


"| Limestone 
on the coke is only a fraction of that B00 Kw-Hr He BO Lb 


in a blast furnace. For this reason, 
low strength coke may be used in the 


is so much less, its work is completed 11% He en 
= Rartlyetay ‘tren Coke 
, ’ ° , 400 Lb | 
} 


low shaft electric smelting furnace. 

Since the volume of gas is so 
small, it is not so important to have 
a large percentage of voids in the 
charge, and a much greater percentage 
of fine coke or fine ore may be used. 

The operation is a desirable type 
of load for an electrical supply sys- 
tem, and the furnaces may be run as 
low as 65° of rated capacity without 
difficulty, thereby affording an oppor- 
tunity to take advantage of seasonal 
or off-peak excess power. The product is molten 
pig iron, as with the blast furnace. There is 
evidence that it is easier to make a standard pig 
iron with poor raw materials than in the blast 
furnace Table Ul gives comparative costs, 
based on Canadian conditions in 1948, 

Sponge Iron Process In the very efficient 
Wiberg-Soderfors process, iron ore is reduced to 
metallic iron without ever being melted. The 
temperature in the furnace is about 1850° F. so 
the refractories are not required to withstand 
such extremes of temperature as in other proc- 
esses. No coke or flux is introduced into the 
furnace. All the impurities present in the ore, 
with the exception of sulphur, occur in the final 
product, but no further impurities are intro- 
duced from coke, as they are in processes pro- 
ducing molten iron. 

The method of recycling the spent reducing 
gas and regenerating it in an electrically heated 
carburetor accounts for the excellent efficiency 
of the process. Best results are obtained with a 
rich, easily reducible ore \ diagram of the 
equipment is shown in Fig. 2 and a cost esti- 
mate is presented in Table IV. 
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Table IV — Cost of Sponge Iron O70% Corben 

Per ton of iron, based on Canadian costs in : 
1948, for two Wiberg-Soderfors furnaces, : 
each producing 73 tons per day of 90% 
reduced sponge iron Capacity of plant, 
145 tons per day or 50,000 tons per year 

Coke: 0.22 tons purchased coke @ $14.75 ® 3.24 

Ore*: 1.8 tons @ 56% Fe and $10.25 18.45 

Limestone: 0.04 tons @ $2.00 per ton O8 

Electrodes: 0.003 tons @ $120 per ton 36 

Power: 800 kw-hr. at 0.3¢ 2.40 $24.5; 


Labor: 1.9 man-hr. at $1.20 2.28 

Repairs and maintenance 1.50 

Cooling water: 2000 gallons at 0.003¢ 0.06 

Overhead and miscellaneous 3.00 & 6.84 
Net production cost 831.371 


*Selected lump ore from Steep Rock deposit 
+This does not include fixed charges on an investment of 
about $3,000,000 or any profit for the operation 


Choice of Processes 
Comparative investment costs are shown in Table 
V for processes mentioned so fat 


In studying the possibility of establishing an 
iron smelting industry in any locality, the choice 
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between these processes is limited by local condi- 
tions. As already pointed out, the local occurrence 
of iron ore is not the most important of these con- 
ditions —- the size of the market to be served is 
the most important consideration. Market size 
imposes the following restrictions: 

1. With a market for over 600 tons per day 
(225,000 tons a year) a standard blast furnace is 
the only choice. The location of blast furnaces 
will be determined by the availability of satisfac- 
tory coke and the distance (freight) to the market. 

2. If the market is less than 600 tons per day 
but greater than 400 tons per day, the choice will 
be between electric smelting and a small blast fur- 
nace. A small blast furnace should use sintered 
or pelletized-and-sized feed to obtain costs and 
coke consumption comparable to those achieved in 
large blast furnaces. A small blast furnace would 
be the best choice unless cheap excess electric 
power is available and coke is expensive. The 
smelting site usually cannot be more than about 
200 miles from a hydroelectric generating station. 
Construction of generating stations solely for the 
purpose of electric smelting is almost out of the 
question, since present construction costs of hydro- 
electric stations are between $160 and $250 per 
horsepower (in Canada). The use of electric smelt- 
ing is particularly attractive if seasonal or off-peak 
power can be used. 
for a 


This is shown in computations 
hypothetical plant having one 55-ton 
(6000-kw.) furnace operating continuously on firm 
power costing 0.3¢ per kw-hr., and one 110-ton 
(12,000-kw.) furnace standing by, ready to operate 
for any period daily on off-peak power costing 0.1¢ 


per kw-hr. Pig iron would cost about $31.50 per 


Table V — Comparative Investments* 


ton when the stand-by did not operate at all; costs 
drop more or less proportionately as the 110-ton 
furnace operates longer and longer periods, finally 
reaching about $28.50 per ton in flood seasons 
when off-peak power is available 24 hr. a day. 

3. If the market is less than 400 tons per day, 
the choice is between electric smelting and the 
If electric- 
ity is particularly cheap and plentiful, if pig iron 


Wiberg-Soderfors sponge iron process. 


is the product desired for foundry use as well as 
steelmaking, and if the rich fuel gas from electric 
smelting furnaces can be used in the rest of the 
steel plant, electric smelting is the better choice. 
If there is no use for a rich fuel gas and particu- 
larly if high quality steels are to be made, the 
Wiberg-Soderfors method is an attractive process. 


Effect of Marketing Conditions 


In considering the choice of process in a par- 
ticular country or region and keeping the above 
limitations in mind with respect to size of the 
market, the following rules are helpful: 

1. In a region with 
plentiful supplies of high-grade coking coal, the 


heavily industrialized 
standard blast furnace combined with openhearth 
steelmaking furnaces (which consume steel scrap 
available in an industrialized country) is the best 
combination for making ordinary steels. 

2. In an industrialized region with a small 
market for steel and with satisfactory coking coal, 
and where electric power is expensive, a small, 
efficiently run blast furnace is the most interesting 
process to study. 

3. In a region with plentiful cheap electric 
power and no coking coal, 
electric smelting may be prac- 
tical to satisfy small markets. 





P1G lron 
From 


Pic Iron 
From 
STANDARD 
BLAST 
FURNACES 


ELectTric 
FURNACE 


Number of furnaces in plant 1 3 


I'ysLanp-HoLe 


Sponce Iron 41. In a region having no 
BY heavy industry the combina- 


WIBERG- tion of the Wiberg-Soderfors 
SODERFORS process with electric steelmak- 
PROCESS , : , 
ing furnaces may form the 


2 basis for a very small steel 


Total yearly output, tons 
Plant costs? 
Furnaces and auxiliaries 
Buildings 
Ore handling equipmentt 
Coke ovens 
Working capital (six months) 
Engineering and contingencies 


315,000 125,000 50,000 industry. No purchased scrap 
need then be added to the 


2,000,000 
000, cha ge. 


2,000,000 
2,000,000 
},000,000 
£000,000 
2,000,000 


$5,000,000 
1,000,000 
1,000,000 


£1,300,000 
400,000 
300,000 


This is an important 
factor in countries which do 
not have any heavy industry. 
2,000,000 750,000 D. 

750,000 250,000 


In a country where a 

small blast furnace or electric 
Total investment 000,000 89,750,000 $3,000,000 

Investment per ton-year S88 &78 $60 
Same without coke ovens $70 878 60 


smelting may appear profit- 
able, the choice of steelmaking 
equipment will be largely 


*These costs are not meant to be exact and do not apply to any particular determined by the amount of 
location. They are representative costs for Canada in 1948 and can only be used scrap available in the country. 
for purposes of comparison. If the region is not 

tCosts include stockpiling and materials handling equipment, office and plant 
buildings, power lines, sewers, boiler houses and steam lines, foundations and all 
other necessary auxiliaries on a new site 

tincludes equipment for handling other solid materials, as well. Biast furnace 
requires docks and ore bridges. Docks are not provided for in estimates for 
Tysland-Hole and Wiberg-Soderfors furnaces. 
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Fig. 3 


Sketch Map Showing Where Alternative Processes Have Best Chance Under Present Conditions in Canada 


Processes worth studying in detail: 


Region 1—-Blast furnace 

Region 2—Blast furnace 

Region 3—Electric smelting (also sponge iron 
for high-quality melting stock) 

Region 4-—Modified Wiberg process (7?) 

Region 5 —Electric smelting 


industrialized there may not 
be sufficient scrap to oper- 
ate openhearth furnaces 
efficiently. 
verters then can produce 


Bessemer con- 


steel from molten pig iron. 

6. The fact that the Wiberg-Soderfors sponge 
iron process reduces the ore to metallic iron with- 
out melting it eliminates the possibility of con- 
tamination of very pure ore with impurities from 
the coke. The high purity of some sponge iron 
makes the process applicable in some very special 
situations. If a very pure, easily reduced ore is 
available and high-quality steel is to be produced, 
some sponge-iron capacity may be justified — even 
in the center of a highly industrialized area where 
blast furnaces are operating profitably. 


Choice of Processes for Canada 


It may be of interest to show how the above 
rules apply in Canada. In studying the suitability 
of various processes it is necessary to divide the 
country into distinct zones determined by the 
availability of metallurgical coke, of excess electric 
power and of iron ore. The accompanying map 
(Fig. 3) illustrates the entirely different conditions 
which exist in different regions. 


Other Special Processes 


Krupp-Renn Process —- The Krupp-Renn rotary 
kiln has been tried in many countries and has been 


successful in producing iron 
from high-silica ores which 
cannot be treated profitably 
by other methods. The out- 
put per unit is very small 
and the operating difficulties 
make its wider application very doubtful. (See 
Metal Progress, April 1950, p. 510.) 

Brick kiln process has been studied exhaus- 
tively in the United States as a possible method 
for supplying a substitute melting stock when steel 
scrap is scarce or very expensive. We have fol- 
lowed up and extended this work done by the 
United States Bureau of Mines. It appears that 
it is a useful method of suddenly increasing the 
supply of steel melting stock in a country where 
modern brickmaking kilns are plentiful. 

Fine ore is charged into containers or saggers 
along with fine coke dust. Charging methods have 
been developed so that the ore and coke may be 
laid in alternate horizontal or vertical layers. 
Methods have also been developed for automat- 
ically charging ore columns into the containers 
through steel tubes which are then withdrawn 
from the container. 

Labor requirements are relatively high and 
the production costs are higher than for other 
methods of producing melting stock, although the 
consumption of coke is low and waste fine coke 
may be used. 

This process is regarded purely as an emer- 
gency measure, or possibly as a source of extra 
income for brick companies with idle kilns. 


May, 1950; Page 635 











Pre-Reduced Feed The gas issuing from a 
Tysland-Hole electric smelting furnace and from 
a low-shaft oxygen furnace is a good reducing 
agent. If there is no alternative use for this gas 
which takes full advantage of its high calorific 
value, it may be used for partial or complete 
reduction of iron ore in suitable auxiliary equip- 
ment, thus reducing further the consumption of 
solid fuel per ton of steel produced 

Use of Natural Gas 
tions have indicated that there are no great tech- 


Preliminary investiga- 


nical difficulties to the introduction of natural gas 
or oil refinery gas into the Wiberg-Soderfors gas 
cycle to save solid fuel in the carburetor. The 
present process, modified only by adding suitable 
gas to the carburetor, can operate with only a 
negligible amount of coke. However there will be 
no reduction in electric power. The added gas will 
crack in the carburetor, forming mainly hydrogen 
and carbon monoxide. Proper control of the 
quantity added of a suitable gas, and of tempera- 
ture, can give the same gas analysis entering the 
furnace shaft as used in the conventional process. 

Alternatively, the hot reducing gas may be 
manufactured by a suitable “synthesis gas” proc- 
ess. This method will probably prove slightly 
more expensive than the just-mentioned modifica- 
tion, but it does not need large amounts of power 

The commercial proving of these alternative 
modifications of the Wiberg-Soderfors process will 
be of great value to countries possessing rich iron 
ore, large reserves of natural gas or oil, and a 
small market for steel. If first-class natural gas 
is available for less than 8¢ per 1000 cu.ft. a 
detailed economic study is certainly worth while 

Other Direct Reduction Processes We have 
found Table VI very useful in assessing new pro- 
posals for direct reduction. There is always the 
possibility that a new process will fit a given set of 
conditions of available fuel, raw materials. and 
required output better than the present commer- 


cially proven processes. Examining every proposal 


Table VI — Energy Requirements 
Approximate net consumption, in B.t.u., for different 
processes per short ton of total iron in the product 
(with credits for recovered heat in gases and products) 

Blast furnace 
Tysland-Hole electric smelting 
Wiberg-Soderfors sponge iron 


11,000,000 B.tou. 
11,200,000 
8,200,000 


Brick kiln sponge iron 14,500,000 


Eprron’s Foornort In Greenwood's “Steel and 
Iron” (1884) we find that the Catalan forge the 
“commercial” source of civilization’s iron for about 
1000) vears 
duce 3 ewt. of iron This ancient direct-iron process, 
which operated in the U.S.A. as late as 1900, therefore 
required 100,000,000 B.t.u. per ton of iron! 


requires 10% ecwt. of charcoal to pro 


in detail is a time-consuming job. 

The theoretical minimum heat requirement 
for producing one ton of iron is about 6,250,000 
B.t.u. This quantity varies somewhat with reduc- 
ing conditions and the ore used. This fact is use- 
ful because if a proposed direct reduction process 
is stated to require only 2,000,000 B.t.u., for 
instance, it is in the same class as perpetual 
motion. The study can stop right there. 

A careful estimate of the total B.t.u. consump 
tion, when compared to the theoretical minimum, 
will give a rough idea of the efficiency of any proc- 
ess and its chances of competing with that com- 
mercially proven process in the accompanying 
table which corresponds most closely in output 
and production costs, 

For instance, a process we recently examined, 
which is similar in principle to the Wiberg- 
Soderfors process and gives the same products, 
requires about 35,000,000 B.t.u. per ton of iron. 
This obviously eliminates it from competition. The 
Wiberg-Soderfors process, which is commercially 
proven, should be used instead, unless the new 
process has some enormous advantage in being 
able to use a very cheap fuel which the Wiberg- 
Soderfors process cannot use, and the labor and 
equipment costs are so low that the production 
costs for the new process are much below the 
Wiberg-Soderfors costs. 


Conclusions 


As noted in the article about blast furnace 
operations last month, no major savings in coke 
consumption appear likely in the near future 
except by modifying its operating techniques, and 
a table was given showing that this would prob- 
ably follow an increase in top pressure alone, or 
in combination with an increase in blast volume 
or oxygen-enriched blast. There is a prospect ot 
effecting considerable saving in the consumption 
of high-grade coking coal by smelting iron ore in 
low-shaft oxygen furnaces. In regions where 
oxygen can be produced for less than %5.00 per 
ton, this may be profitable. 

It further appears that no alternative process 
can compete with blast furnace smelting in a 
region containing heavy industry if the ore or 
coking coal is not nearby, it is more economical 
to ship these raw materials to the industrial center 
than to smelt at some distant ore body Minor 
savings may be made, particularly in establishing 
new iron smelting centers, by choosing alternative 
processes which do not require as much coke or 
as high a grade of coke as the blast furnace 
These processes are only profitable when used on 


a small seale in certain special conditions  ] 
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NI-RESIST... 
AN ECONOMICAL METAL 


for resisting Corrosion, Erosion 





and Metal-to-Metal Wear 


N.-resisr* is the trade name of a high nickel cast 
iron — one of the most economical corrosion-resist- 
ant engineering materials ever developed. 

Ni-Resist, mechanically similar to gray iron, and 
resembling austenitic stainless steel in many char- 
acteristics, provides a unique combination of prop- 
erties at moderate cost... 


RESISTS CORROSION 


N1-Resist resists corrosive attacks of acids, alkalies 
and salts to a degree unmatched by any other prod- 
uct of the cast iron industry. In strong corrosives it 
has 20 to 200 times the resistance of plain iron, and 5 
to 50 times the resistance in mild environments. 


CURBS WEAR 


Ni-Resist reduces wear and galling, because graph- 
ite particles are distributed throughout its structure, 
as in gray iron. From this, and its work-hardening 
characteristics, come the superiority of Ni-Resist 
castings for components in metal-to-metal wear 
service. 


CHECKS EROSION 


This superior wear-resistance ... together with in- 
herent resistance to corrosion ... makes Ni-Resist 
an outstanding material for curbing erosion by 
liquids and slurries. By long, trouble-free control 
of erosion, Ni-Resist castings reduce maintenance 
costs, production tie-ups and the expense of re- 
placements. 


WITHSTANDS HEAT 


Although primarily used to resist corrosion, ero- 
sion and metal-to-metal wear . .. Ni-Resist is also 
specified for resistance to elevated temperature ef- 
fects. Castings of N1-Resist show up to 10 times bet- 
ter scaling resistance, and up to 12 times better 





growth resistance than those of plain iron at 1300 
to 1500° F. 


MACHINABILITY and OTHER PROPERTIES 


Ni-Restst of normal hardness machines like 200 
BHN gray iron and is readily weldable. 


Ni-Resist has high specific electrical resistance. 
Thermal expansion can be controlled, from 60 per 
cent higher than that of plain iron to a low approxi- 
mating that of Invar. 

N1-Resist is usually lower in cost than most other 
corrosion-resistant alloys. It is produced by author- 
ized foundries only, in all industrial centers of the 
country. N1-Resist castings have no more limitations 
in size and complexity than those of any gray iron. 


APPLICATIONS 


Several types of Ni-Resist are available. All pro- 
vide the fundamental properties described above, 
and differ only in certain special characteristics to 
meet a variety of industrial demands. 


Applications include: Salt filter drums, oil refin- 
ery tube supports and headers, turbine nozzle rings, 
cylinder liners, valves and fittings, furnace rollers, 
textile rolls, comminuter parts, blow pit pipes, pre- 
cision machine tool spindle heads, bridge, and work 
supports, magnet housings, sugar retorts, etc. 


FULL INFORMATION 


May we send you two booklets? One, entitled, 
“Engineering Properties and Applications of 
N1-Resist,” includes corrosion data on Ni-Resist 
and cast iron under 400 different corrosive con- _ 
ditions. The other, entitled, “Buyers’ Guide for 
N1i-Restst Castings,” lists producers of Ni-Resist 
castings. Both are yours for the asking. Write for 


them today. “Reg. U. &. Pat. Of 


moa | N C0) ec 


(eee 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 WALL STREET 
NEW YORK 5, WY. 
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Transformation of 8630 Steel 
Continuous Cooling and Isothermal Transformation 
Correlated With End Quench Hardenability Specimen 


By R. A. Grange, J. F. Boyce and V. G. Peck, U.S. Steel Corp. 








End Quench Distance, Sixteenths of In ==— Cooling Transformation Diagram 
Hardenability Bar 26 6 40 - Isothermal Transformation Diagram 
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—__MEATBATH CORPORATION___ 
Water Soluble 


LIQUID BATH CARBURIZERS 


NEW—Tried and Proved 





PEN-KARB S-2 and 
PEN-KARB S-5 


The two-component “eesy washing” liquid bath carburizer 


PEN-KARB S-3 
The single-component ‘easy washing’ liquid beth carburizer 


FEATURES: 1—Operating Range: As flexible as any water soluble liquid beth 
carburizer 1300°F. to 1700°F, 


2—Mektallurgical results equal to the best and better than most easy 
washing liquid bath carburizers with fast and uniform penetration. 


3—Easy cleansing of small parts of intricate design with blind holes or 
threaded sections even after oil quenches. 


4—Minimum of fuming and foaming even at elevated temperatures. 


> 5—Operates with greater simplicity and economy than other easy wash- 
ing liquid bath carburizers due to careful and proper formulation. 





HEATBATH SERVES WITH: 


Other liquid beth carburizers 

Neutral type hardening salts 

High speed hardening salts »——» CLIP THIS COUPON. MAIL TODAY <——<# 
Tempering salts . caeceewencenecenes 

Quenching salts Heatbeth C 

Bleck oxide finishing salts such as Pentrate ' 

and Kwik-Blak for iron and steel , Segeee 1, 0m 


PX for stainless steel, stainless irons, cast and Please send me Date Sheets on: 


malleable irons ; [) Liquid beth carburizers 
Dura-Black for copper and brass ' ["] Neutral Type 


Zinc-Black for zinc [) HS. Hardening 


Cleaners 


HEATBATH CORPORATION 


SPRINGFIELD 1 . 
In Caneda : Wm. J. Michaud Co., Ltd., Montreal 
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Bousch & Lomb MILS 





Here is another metallograph for bright field work, 

with permanent alignment; Balcoted objectives; 

stability of image; simplicity of operation. Plate 
Py 


is size 5” x 


BEL CM Metallurgical Micro- 
scope. Large stage, space 
for convenient manipu- 
lation. Used extensively 
for examination of 
opaque objects, pol- 
ished metal specimens 
and similar materials 


BEL Photomicregraphic 
Equipment Model t. For 
new adaptability, speed, 
ease, and efficiency in 
visual microscopy, high 
and low power photo- 
micrography, as well as 
photocopying. 


The BAUSCH & LOMB ILS Metallograph . . . 


provides the complete equipment you need for making daily 
routine metallurgical examinations (visually or photograph- 
ically) with bright field illumination . . . quickly, accurately, 


and easily. 


Balcoted objectives, and coated, clear glass reflector help 
provide superior image quality and increased illumination. 
Illuminator, inverted microscope, and camera are mounted 
..+ permanently aligned ... ona heavy metal base equipped 
with built-in shock absorbers. This sturdy construction 
maintains stability of image during long observation and 
exposure. Plate size is 8” x 10”. The instrument is in the 
medium price range. 


Design and construction of the Bausch & Lomb ILS 
Metallograph . . . in common with all B&L metallographic 
equipment . . . have been dictated by practical daily metal- 
lurgical requirements. They are the product of years of 
research and development in close collaboration with leading 
American metallurgists. That’s why you get better results . . . 
faster .. . with Bausch & Lomb metallographic equipment. 


Mut for complete information to: Bausch & 


Lomb Optical Company, 638-QSt. Paul St., Rochester 2,N.Y. 


Bausch &Lomb yctillog?aPA< Equipment 
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The Transformation of 


Austenite in 8630 Steel 


By R. A. Grange, J. F. Boyce 
and V. G. Peck 

Research Laboratory 

U. S. Steel Corp. 

Kearny, N. J. 


Modern heat treating is based on accurate knowl- 
edge of the transformation characteristics and 
microstructure of standard steels. The authors 
summarize such information for 8630, one of the 
most popular low-alloy grades. Included are iso- 
thermal and continuous cooling diagrams, hardness 
and microstructural variations along the end 
quenched hardenability bar, data on the martensite 


range, and optical and electron micrographs. 


HE nickel-chromium-molybdenum steel desig- 

nated S.A.E.-A.1L.S.1, 8630 was introduced 
during the recent war as one of the National 
Emergency (N.E.) steels. Because of its relatively 
high hardenability per unit of cost, 8630 became 
popular and continues to be used extensively. In 
the work described here the transformation of 
austenite in a typical commercial heat of 8630 was 
investigated with results which should be of par- 
ticular interest to those concerned with the prac- 
tical heat treatment of this grade of steel. 

For studying the various aspects of austenite 
transformation, specimens were prepared from a 
bar, 1% in. diameter, from an openhearth heat 
deoxidized with silicon and aluminum. The chem- 
ical composition, which is well within the limits 
specified for 8630 steel, follows: 

( Mn Si Ni Cr Mo 
0.30 0.80 0.29 0.54 0.55 0.21 
Before any specimens were prepared, the hot 

rolled bar was normalized from 1650° F. 


The isothermal transformation dia- 
gram (hereinafter abbreviated “I-T 
diagram”) was determined by heat treat- 
ing and examining metallographically 
more than 100 small specimens. The 
metallographic data were supplemented 
by dilatometric measurements, which 
were especially helpful in determining 
the time required for complete trans- 
formation in the vicinity of 600° F.; in 
this range the appearance of the iso- 
thermal product (low-temperature bain- 
ite) is similar to that of martensite 
formed between 700 and 600° F., and it 
is difficult to observe the progress of 
isothermal transformation by micro- 
scopic examination. 

Ae, and Ae, Temperatures In 
measuring these temperatures, a small specimen, 
initially martensitic, was heated at a carefully 
controlled temperature for a period of 4 hr. and 
then quenched in brine; subsequent examination 
of the microstructure revealed whether the speci- 
men had been heated above, within, or below the 
temperature range between Ae, and Ae,. A suffi- 
cient number of different temperatures were inves- 
tigated in this way to establish Ae, at 1330° F. and 
Ae, at 1450°F. Thus, 8630 steel must be heated 
above 1450° F. (well above unless the heating is 
unusually prolonged) to austenitize the steel com- 
pletely. If heated between 1450 and 1330° F., the 
structure consists of ferrite, probably some carbide 
toward the lower limit of this range if the time of 
heating is relatively short, and austenite, the latter 
becoming martensite on quenching to room tem- 
perature. Below 1330" F., austenite transforms in 
the time indicated by the I-T diagram. In tem- 
pering, 1330° F. must not be exceeded if formation 
of any austenite is undesirable. 
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Isothermal Transformation 


Figure 1 is the I-T diagram, which sum- 
marizes measurements of isothermal transforma- 
tion for this sample of 8630 steel after austenitizing 
at 1600°F.* After holding each small specimen 
at this temperature for 15 min., the austenite grain 
size was No. 9. Progress of transformation was 
measured at each of 13 temperature levels in the 
range 1400 to 600° F. Hardness values in the right 
margin of Fig. 1 represent not only the measured 
hardness after transformation was just complete, 
but also indicate by their position the temperature 
levels investigated. The curve representing the 
beginning of transformation was based on the 
appearance of the first definite trace (about 0.1% ) 
of transformation product, and the ending curve 
on the time at which the last trace of martensite 
(austenite prior to quenching) had just dis- 
appeared. The centrally located dashed line indi- 
cates the time for 50% transformation. 

This diagram indicates that 8630 steel can be 
annealed in the shortest time by transforming at 
1200°F. The fact that transformation begins in 
less than 1 sec. in the vicinity of 1000° F. implies 
relatively low hardenability, on the basis of a 
completely martensitic structure, for this steel as 
compared with many other popular low-alloy 
steels. Despite this rapid initiation of transforma- 
tion at 1000° F., several days are required for com- 
pletion; this behavior is characteristic of many 
steels containing an appreciable percentage of 
chromium and molybdenum and is associated with 
a two-stage reaction. 

Microstructures after isothermal transformation 
is just complete are shown in Fig. 2, for intervals 
of 100° F. in the range 1300 to 600° F. For each 
temperature an optical micrograph at 1600 x is 
compared with an adjacent micrograph of the 
same specimen taken with the electron microscope 
at a magnification of 10,000.+ In general, the 
structure revealed in the electron microscope pic- 
tures resembles the corresponding optical micro- 
scope image, but the electron microscope has 
much higher resolving power and hence reveals 
some structural detail in optically unresolved 
aggregates formed at the intermediate and lower 


temperature levels. In the electron micrographs 


*An I-T diagram for 8630 steel has been determined 
previously by others and appears in a pamphlet pub- 
lished in 1943 by the International Nickel Co. entitled 
“Isothermal Transformation Diagrams for Some Con- 
structional Alloy and Carbon Steels”, p. 27. 

tElectron micrographs were prepared by making a 
two-step replica (polyvinyl alcohol and collodion) and 
shadow casting with chromium. The structure was 
photographed at a magnification of 5000 x and subse- 
quently enlarged to 10,000 x. 


the random small particles which appear in the 
ferrite matrix are of unknown significance; they 
may be artificial detail not actually present in the 
microstructure but introduced in the rather 
involved and indirect technique used to produce 
the image with the electron microscope. 

At 1300 and 1200° F. the structure consists of 
ferrite and pearlite; the pearlite is resolved in the 
optical micrograph and appears very coarse in the 
electron micrographs. The pearlite at 1100°F. is 
only partly resolved in the optical micrograph. At 
1000° F., transformation began with formation of 
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Fig. 1 Isothermal Transformation Diagram for an 
8630 Steel Austenitized at 1600° F. Grain size 9 


acicular ferrite containing an occasional dot-like 
carbide; this reaction proceeded rapidly until 
about two thirds of the austenite had transformed, 
whereupon a dark etching, optically unresolved 
aggregate began to form. The structure of this 
second-stage product is particularly interesting 
and is shown by the electron micrograph to be a 
continuation of the pearlitic sequence of aggre- 
gates, although, of course, finer than pearlite 
formed at higher temperature. The rapid begin- 
ning and extremely slow ending of transformation 
in the vicinity of 1000°F. is thus explained by 
transformation to two different types of transfor- 
mation product, the first of which seems to be a 
“transition” structure between pro-eutectoid ferrite 
and bainite and the second, a continuation of the 
pearlitic aggregates. 

The structure of 8630 steel after complete 
transformation at 900° F. is difficult to classify, 
but is probably best regarded as a high-tempera- 
ture form of bainite in which carbides are not 
uniformly dispersed in the ferrite matrix. The 
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Optical Micrographs. 1600» Electron Micrographs. 10,000 1600 10,000 


Fig. 2 Structure of 8630 Steel After Completion of Isothermal Transformation at Temperatures Indicated. Picral etch 
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greatest change in appearance of the microstruc- 
ture occurs in the vicinity of 900° F., and the 900° 
structure seems somewhat out of place in the 
series. The remaining three micrographs, covering 
the range 800 to 600° F., are familiar bainitic struc- 
tures. During quenching to 600° F., about half 
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Fig. 3 — Hardness After Isothermal Trans- 
formation Is Just Completed in 8630 Steel 


the austenite transforms to martensite, which is 
tempered and becomes dark-etching while the rest 
of the austenite is transforming to bainite at 
600° F, These two structures cannot be differen- 
tiated in either of the micrographs shown for 
600° F. The electron micrographs reveal that with 
decreasing temperature in the range 800 to 600° F. 
the carbides seem to fill the ferrite matrix more 
completely; presumably, the carbides became more 
uniformly dispersed the lower the transformation 
temperature, although shadow casting the replica 
for the electron microscope may have considerably 
distorted the true size, shape and relative propor- 
tion of carbides. 

Hardness after transformation is just complete 
is plotted against each corresponding transforma- 
tion temperature in Fig. 3. Although hardness 
increases as temperature decreases, the change is 
not uniform; inflections occur in the curve where 
the structure changes from pearlite and ferrite to 
bainite (1000°F.), and again where it changes 
from bainite to bainite plus martensite (700° F.). 


Temperature Range of Maztensite Formation 


The lower portion of the I-T diagram (Fig. 1) 
presents data regarding the proportion of martens- 
ite formed on quenching to several temperatures 
in the range 700 to 520° F. 
be obtained from measurements of isothermal 


These data cannot 


transformation since martensite forms on cooling 
rather than on holding at a constant temperature. 
Consequently, it was necessary to make a special 
set of measurements which are summarized graph- 


ically in Fig. 4. Each plotted point on this chart 
represents the result of microscopic examination 
of a small specimen, J, in. thick, which was (a) 
quenched from 1600° F. into a bath at the indicated 
temperature for 2 to 3 sec., (b) tempered immedi- 
ately, without cooling, at 1300°F. for 3 sec., and 
(c) quenched in brine. Properly conducted, this 
technique permits determination of the percentage 
of martensite formed during the initial quench.* 

The data plotted in Fig. 4 yield a curve whose 
shape is similar to that previously observed for 
martensite formation in other steels of similar 
carbon content. For 8630 steel the M, temperature 
is relatively high (700° F.) and the temperature 
range from M, to 99% martensite is relatively 
narrow; this is due largely to its carbon content, 
which is only 0.30%. These results suggest that 
8630 is less susceptible to quench cracking than 
competitive low-alloy steels having their martens- 
ite ranges at lower temperature, and less likely to 
retain any significant amount of austenite. 


Hardenability 


Like all other grades of hardenable steel, 8630 
varies somewhat from heat to heat in hardenabil- 
ity and also in the rate of isothermal transforma- 
tion, which is largely attributable to variation in 
composition within the limits set for the grade. 
Thus, an I-T diagram determined for a single 
sample of 8630 can no more represent exactly the 
isothermal transformation of all heats of 8630 than 
a single end quench hardenability curve represents 
the precise hardenability of all heats of this grade. 
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Fig. 4 


in 8630 Steel Quenched to Various Temperatures*™ 


Metallographic Observations of Martensite 


It is of interest, therefore, to compare our particu- 
lar sample with other 8630 heats. This can be 
done more conveniently for hardenability curves 

*For specimens containing more than 95 mar- 


tensite, X-ray methods show consistently greater 
amounts of retained austenite than microscopic methods. 
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than for I-T diagrams, because the latter are not 
available and a large number of measurements 
would be necessary to obtain enough of them to 
represent variations among many heats of 8630. 

The end quench hardenability curve of our 
sample is shown in Fig. 5, in comparison with the 
current hardenability band for 8630H steel. The 
hardenability of our sample of 8630 is on the low 
side of the band; the reason for this is not entirely 
clear, as the composition of our sample is near the 
middie of the range for 8630, but may be explained 
in part by the fine austenite grain size (No. 9) of 
our sample. If I-T diagrams were to be deter- 
mined for many 8630 heats, it is probable that 
the one for our sample (Fig. 1) would indicate 
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Fig. 5 — Hardness and Microstructure Along 
an End Quenched Hardenability Bar of 8630 


somewhat faster transformation than most others; 
nevertheless, the shape of our diagram and the 
implications to be drawn from it are reasonably 
representative of 8630 steel in general. 
Microstructures along the end quenched hard- 
enability bar are of interest because the trans- 
formation products are formed during continuous 
cooling at a series of cooling velocities, and the 
structures may be considered as analogous to a 
mixture of various isothermal products. The lower 
chart of Fig. 5 summarizes our examination of the 
microstructure at the various locations in the end 
quenched bar; an attempt has been made to esti- 
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mate each different type of constituent on a 
quantitative basis, and, although the percentages 
plotted are subject to some error due to personal 
judgment inherent in such ratings, it is believed 
that the significant trends are correctly portrayed. 


Correlation of the I-T Diagram With 
End Quench Hardenability 


The sequence of microstructures in the end 
quench hardenability bar is fundamentally related 
to the pattern of austenite transformation depicted 
by the I-T diagram; however, since the latter rep- 
resents transformation as it occurs at constant 
temperature rather than on continuous cooling, 
the relationship is implied and not always directly 
apparent from cursory inspection of the I-T dia- 
gram. Regarding transformation on continuous 
cooling as equivalent to an infinite number of 
isothermal treatments each at a successively lower 
temperature, it is possible to derive a cooling trans- 
formation diagram (C-T diagram) which facili- 
tates interpretation of the I-T diagram in terms of 
hardening and other heat treatments involving 
transformation on cooling. Not all the necessary 
information is available to develop a strictly accu- 
rate C-T diagram from the I-T diagram; never- 
theless an approximate diagram can be derived 
which is of value in relating the I-T diagram to 
hardenability data and to other heat treatments 
which involve continuous cooling. 

In Fig. 6 (shown on the next page and, with 
micrographs, on p. 636-B) an attempt has been 
made to correlate the I-T diagram for 8630 steel 
with the hardenability results, through the medium 
of a derived C-T diagram.* The cooling curves 
used in the derivation were taken from data com- 
piled by Boegehold and Weinman, who measured 
cooling rates at several points just below the sur- 
face along an end quenched bar. The method of 
deriving the C-T diagram was that of Grange and 
Kiefer (@ Transactions, Vol. 29, 1941, p. 85) with 
certain allowances for the effect upon transforma- 
tion to bainite or martensite of the relatively large 
amount of pro-eutectoid ferrite which may form 
in this steel. The derived C-T diagram should not 
be regarded as highly accurate; yet, despite its 
limitations, it bridges the gap between isothermal 


*Discrepancies between this diagram and that of 
Cc. A. Liedholm (Metal Progress, September 1944) for 
8630 steel are probably due principally to differences 
in the manner of constructing the two diagrams. The 
time scale of Liedholm’s diagram is total time to cool 
from the austenitizing temperature, whereas the time 
scale of our diagram is time below Ae, (or, for pro- 
eutectoid ferrite formation, time below Ae,). In addi- 
tion, there is a difference between the two 8630 steels, 
ours being probably the lower in hardenability. 
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and cooling transformation and helps to explain 
the origin of structures in the end quenched hard- 
enability specimen. In interpreting the C-T 
diagram, each cooling curve should be followed 
downward from upper left to lower right; trans- 
formation occurs during the cooling interval spent 
in the cross-hatched areas, each kind of constituent 
(ferrite, pearlite, bainite, or martensite) being rep- 
resented by a separate field on the diagram. Each 
of the cooling curves labeled A, B, C, D and E 
represents a point at a different distance from the 
quenched end of the hardenability bar as shown 
by the sketch at the top of the diagram. 

Cooling curve A represents a point ,j in. from 
the quenched end where the structure was entirely 
martensite; reference to the C-T diagram shows 
that this cooling curve intersects only the mar- 
tensite field. Curve B is for a point % in. from the 
quenched end and represents slower cooling than 
A; it barely intersects the ferrite field, then cuts 
through the bainite and martensite fields. The 
structure at B should therefore consist of martens- 
ite, bainite and the merest trace of ferrite accord- 
ing to the C-T diagram, which is confirmed by the 
microstructure at this point. Curve C, % in. from 
the quenched end, represents still slower cooling 
than B, and hence more ferrite and bainite are 
formed. At 1 in. from the quenched end, curve D, 
the structure is ferrite, bainite and only a small 
amount of martensite. 

Finally, curve E represents cooling at a point 
2‘ in. from the quenched end where the cooling 
effect of the end quench is almost nil. Even with 
this slow rate, some martensite persists in the 
structure, which otherwise is composed of ferrite 
and a smaller proportion of bainite. In accordance 
with the way the cooling curves intersect the C-T 
diagram, ferrite increases in amount and occurs 
as larger and more nearly equi-axed areas as the 
cooling “is slower. The prior rejection of ferrite 
enriches the remaining austenite in carbon and 
consequently modifies both the rate of bainite 
formation and its appearance, as compared with 
the isothermal bainite series. For this same rea- 
son martensite must form within an ever lower 
temperature range as the cooling is slower and 
more and more ferrite formed before the martens- 
ite region was reached on cooling. The precise 
effect of carbon enrichment of austenite by rejec- 
tion of pro-eutectoid ferrite upon transformation 
to bainite and martensite cannot be quantitatively 
determined from available data, but the trend 
would logically be as indicated by the downward 
curvature of the upper and lower boundaries of 
the bainite and martensite fields and their exten- 
sion toward longer times than indicated by direct 
derivation. 


The curve representing slowest cooling bears 
no label and does not represent a point on the end 
quenched bar; this curve was measured for a sepa- 
rate specimen furnace-cooled at a rate much 
slower than any encountered in the end quench 
hardenability test. The structure in this specimen 
is ferrite und pearlite just as one would conclude 
from the way this curve intersects the C-T dia- 
gram; transformation was completed at about 
1200° F., and consequently no bainite nor martens- 
ite is present. This curve and the corresponding 
photomicrograph (p. 636-B) are included, even 
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Fig. 6 — Correlation of C-T and 1-T Diagrams With 


End Quench Hardenability Specimen of 8630 Steel 


though they do not concern the hardenability test, 
in order to demonstrate the application of the C-T 
diagram to slow rates of cooling and also for com- 
parison with micrograph E which contains bainite 
that might otherwise be mistaken for pearlite. 

It has been demonstrated that the structures 
observed in the end quenched hardenability bar 
are in satisfactory agreement with predictions 
based on a C-T diagram derived from isothermal 
data. These structures are analogous to mixtures 
of isothermal products, although when an appre- 
ciable amount of pro-eutectoid ferrite separated, 
the bainitic portion of the structure did not closely 
resemble isothermal bainites formed in this steel 
in the corresponding temperature range. Se 
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Standardization of Toolsteels in Sweden 


HE recent standardization of toolsteel in Sweden 

is the result of close cooperation between steel 
works and consumers. It was considered a com- 
mon interest of all parties concerned to bring about 
simplifications which would improve the quality 
of manufacture and at the same time reduce the 
cost of production and storage. 

Difficulties of supply during and immediately 
after the recent war gave added urgency to the 
matter, but the greatest impetus to rapid action 
was perhaps the tendency of civil and military 
Government authorities and other large toolsteel 
consumers to adopt specifications of their own, 
often at variance with one another. This would 
have involved the risk that several grades of steel 
might have been adopted as standard for the same 
or similar purposes, with consequent difficulties 
in the steel works regarding storage and delivery. 

Although the points of view of producers and 
consumers were sometimes at variance, the selec- 
tion of standard grades of steel did not present 

~ *Abstracted by Einar Ohman from an article by 
Ragnar Arpi (chief metallurgist, Uddeholm Steel Co., 
Hagfors, Sweden), Verkstdderna, Vol. 44, 1948, p. 166. 


insuperable difficulties. A compromise had to be 
reached between the reluctance of the consumers 
to experiment at an extremely busy time 
with unfamiliar grades of steel, and the necessity 
for the steel works to concentrate as far as possi- 
ble on steels that could be sold on the export 
market. The guiding principles in the standardi- 
zation work became, on the one hand, to select as 
far as possible the best steel for every requirement 
within the cost limits acceptable to the market, 
and, on the other hand, to adopt as standard those 
grades of Swedish steel which, according to the 
experience of the steel works, would be most suit- 
able for the export market. It was hoped that the 
standardization would give to both producers and 
consumers the advantages of fewer grades, less 
capital investment in steel stockpiles with slow 
turnover, quicker deliveries, and greater uniform- 
ity in heat treatment by the consumers, and that it 
would also be an aid to military defense, 

The eighteen standard steels are listed in the 
table below. Standardization of steels for quantity 
production of small tools was deferred for the time 

(Continued on p. 678) 


Approximate Compositions of Toolsteels Standardized in Sweden 





ASM 
HANDBOOK 
Type No. 


SWEDISH 
STEEI 
No. 


TOOLSTEEL 


1780 I 
1880 I 
1885 I 


Carbon Toolsteel, 0.80% C 
Carbon Toolsteel, 1.0% C 
Carbon Toolsteel, 1.2% C 


2092 
2140 
2260 
2310 
2312 


Low-Alloy “Nonshrinking” 
Low-Alloy “Nonshrinking” 
Alloy “Nonshrinking” 

High-Alloy “Nonshrinking” 
High-Alloy “Nonshrinking” 


HAl 
IB2 
D2 
1c1 


Alloy Cold Work Steel 
Steel for Twist Drills, etc. 
Steel for Twist Drills, etc. 
Chisel and Hot Work Steel 
High-Alloy Hot Work Steel 


2550 
2700 
2705 
2710 
2730 


VIF2 


HIE 
IVFI 


High Speed Steel 
High Speed Steel 
High Speed Steel 
High Speed Steel 


vel 


o or 


mS ww th 
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2900 | Vanadium Alloy Chisel Steel | 





BaineLy 
HARDNESS 
Max. 


195 
195 
195 


240 
220 
240 
260 
280 


260 
210 
210 
245 
250 
265 
290 
290 
310 


195 


Cr Ni Mo Ww 
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Thomas W. Lippert 


Titanium Metals Corp., a joint 
subsidiary of National Lead Co. and 
Allegheny Ludlum Steel Corp., or- 
ganized for the marketing of titanium 
metal, has appointed Thomas W. 
Lippert ©@ to be its general manager. 
Tom Lippert is widely known in the 
metals industry from his connection 
with The Iron Age, whose staff he 
joined in the early 30’s as technical 
editor. He became editor-in-chief in 
1946, succeeding John H. VanDeven- 
ter, and resigned this position in 
July of last year. During the brief 
interim,:he has been manager of pub- 
lications for American Institute of 
Mining and Metallurgical Engineers. 


J. M. Hines @, for the past eight 
years with C. I. Hayes, Inc., has ac- 
cepted a position as sales engineer 
with the C. L. Thornberg Co., Hunt- 
ington, W. Va. 

William F. 
works 


Aylard @, formerly 
manager of the Cleveland 
plant of Chase Brass & Copper Co., 
Inc., has been recently named chief 
engineer of the company. 


Herman P. Rassbach @, former 
works manager of the Midvale Co., 
has joined the Electro Metallurgical 
Division of Union Carbide and Carbon 
Corp. as metallurgical engineer with 
the development group. He will make 
his headquarters in Chicago. 


Richard A. Fayram @, formerly 
with the NEPA Division, Fairchild 
Engine and Airplane Corp., has been 
appointed lecturer in mechanical en- 
gineering at the University of Cali 
fornia, Berkeley, Calif. 


Babcock & Wilcox Tube Co. ar 
nounces the appointment of C. B. 
Marshall, Jr., @ to the sales force of 
the Chicago district sales office. Mr. 
Marshall has been in the general 
sales office of the company’s welded 
tube div., Alliance, Ohio, since 1944. 


Movements Among 


Carl E. Swartz 


Carl E. Swartz @ has resigned his 
position with Kellex Corp.’s applied 
physics laboratory in Silver Spring, 
Md., where he was division engineer 
in charge of research in high-temper- 
ature materials, to become chairman 
of metals research at Armour Re- 
search Foundation, Illinois Institute 
of Technology. An American author- 
ity on precision bearings for high 
speed machinery, Swartz was from 
1935 to 1945 chief metallurgist for 
Cleveland Graphite Bronze Co.; in 
this position he devised many im- 
provements in the handling of steel- 
backed copper-lead bearing alloys. He 
also continued to improve the tech- 
nique of manufacturing bearings con- 
taining cadmium and tellurium, thus 
continuing work of the previous dec- 
ade when he was metallurgist on 
the research staff of American Smelt- 
ing & Refining Co. 

Aurora Metal Co., Aurora, IL, an- 
nounces that L. C. Newton @, St. 
Paul, Minn., is its sales engineering 
representative in the states of Minn 
esota and northern Wisconsin. 

Roto-Finish Co., Kalamazoo, Mich., 
announces that C. Heamon Castle © 
has been elected vice-president 
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Metallurgists 


Paul Schwarzkopf 


Paul Schwarzkopf @, president of 
American Electro Metal Corp., Yon- 
kers, N. Y., has been awarded the 
annual medal of Stevens Institute 
of Technology for outstanding 
achievement in powder metallurgy — 
a silver medal made by the process 
at the Institute. Dr. Schwarzkopf 
has been a leader in the powdered 
metal field in Europe and America 
for the last 40 years. Starting his 
career in Prague in 1911, he estab- 
lished his own company for the pro- 
duction of molybdenum and tungsten 
wires. After World War I, his firm's 
activities spread to Germany, Holland 
and Austria. In 1929 he set up 
American Electro Metal Corp. in this 
country and following his expatria- 
tion by the Nazis in 1936, he came 
here to live. Hundreds of patents 
and developments in the powder metal 
field are credited to him 


G. B. Grable @ is now employed 
as engineer at the U. S. Naval Aero- 
Johns- 


nautics Development Center, 
ville, Pa. 


W. E. Bruse @ is now chief metal- 
lurgist of Shakeproof, Inc., division of 
Illinois Tool Works, Elgin, Ill 














LIFE TEST MACHINE—Avtomdlically winds end sneps 
shutter. Constont tests mode show shutter will click fer 


@ lifetime of picture-taking by the mest ardent comera fan. 





ARGOFLEX 75—With cose removed te show 
shutter assembly. mee chs 











Tr 


SHUTTER PARTS (Actual size.) show intricate stemp- 


ings of wotch-like precision mode of @ special stretcher 


straightened Revere Bross strip stock, held to plus or 
minus .0007 thickness tolerance. 








WHY THE ARGOFLEX 75 GIVES CAMERA FANS 


Lifetime of Clicks 
without Kieks 


combines special tolerances and watch- 
like precision with durability and low cost 


N developing the shutter mechanism for their Argoflex 

75 camera, engineers of Argus, Inc., Aan Arbor, 
Mich., had to cope with an unusually tough combination 
of problems. Production called for progressive die 
stamping operations, while to further complicate mat- 
ters the stamped parts had to be constructed so as to 
incorporate the added feature of making double expo- 
sures impossible. The stock used had to be in strip form 
and without camber. 

At the same time tolerances of 1/1000 to 2/1000 of 
an inch had to be maintained throughout the entire 
length of the strip, because the shutter parts had to func- 
tion with watch-like precision. All of these requirements 
were necessary to maintain constant shutter speeds for 
consistent photographic results. In addition, the parts 
had to be durable, low in cost, and require only a 
minimum of hand finishing. 

Together, Argus engineers and Revere's Technical 
Advisory Service worked on these complex problems. 
It was agreed that brass be used because of its work- 
ability and freedom from corrosion. Revere supplied a 
special stretcher straightened brass strip stock held to 
plus or minus .0007 thickness tolerance. 

That this Revere brass strip more than adequately 
answers all the Argoflex 75 requirements for special 
tolerances, precision, durability and low cost, is borne 
out by its performance in operation. Said the Argus 
people: “Your (Revere’s) Technical Advisory Service 
assisted us in solving these problems to our unlimited 
satisfaction.” 

In order to determine how the camera shutter mecha- 
nism would stand up in use, Argus has designed the 
machine you see at left which automatically winds and 
snaps the camera. These tests which are constantly being 
made on current production show the life of the camera 
to be far greater than the number of pictures the average 
photographic fan takes in an entire lifetime. 

Perhaps Revere Brass or some other Revere Metal 
can be of help in developing or improving your product 
—cutting your production costs. Why not tell Revere 
about yowr metal problems? Call the Revere Sales Ofhice 
nearest you today. 


REVERE 


COPPER AND BRASS INCORPORATED 
Pounded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 
Mills ; Baltimore, Md.; Chicage, Ul; Detroit, Mich; Los Angeles and 
Rewersede, 


Calif; New Bedford, Mau; Rome, N. Y.— 
Sales Offices in Principal Cities, Distributors Evervabere. 
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Personals 


Robert W. Hunt Co., Chicago, 
announces the appointment of H. H. 
Morgan © as general manager. He 
will continue to be vice-president and 
chief engineer. 


William L. Drake @ has been 
transferred by Crucible Steel Co. of 
America from supervisor of wire mill 
metallurgical laboratory, Sanderson- 
Halcomb Works, Syracuse, N. Y., to 
the Philadelphia sales branch where 
he will be a sales engineer. 


Paul S. Methé @, who received 
his Bachelor’s degree in January 
1950, has joined the Aluminum Co. of 
America’s research laboratories at 
New Kensington, Pa., as a research 
metallurgist. 


E. W. Harwell @ has been recently 
elected president of Hamilton Steel 
Co., Cleveland, subsidiary of Fort 
Duquesne Steel Co. 


Hudson T. Morton @ has estab- 
lished the Morton Bearing Co., Ann 
Arbor, Mich., which has purchased 
the machinery and assets of New 
Britain Bearing Co., Inc. 





LONG, SLENDER HIGH-SPEED 
STEEL TOOLS, SPINDLES, 
BROACHES, REAMERS, ETC. 


SENTRY 


MODEL YP 


VERTICAL 


ELECTRIC FURNACES 


Large or long, slender high-speed steel tools, broaches 


spindles, etc. are best hardened in the specially designed 


Sentry Model YP Vertical Electric Furnace. Employs the 
Sentry Diamond Block Method of Atmospheric Control 


for maximum quality hardening of molybdenum, tungsten 


or cobalt high-speed steels. No scale or decarburization 


Finished work is smooth, dimensionally correct ond trve 


to shape, saving costly finishing operations 


Sentry Electric Furnaces are made in sizes and copacities 


to meet your requirements 


r latest catalog. Ask for bulletin 


The Sentry Company 


imep @ Len i: 


MASS S_A 
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Following graduation from Brad- 
ley University in February 1950, 
Harold F. Neuberger © is now work- 
ing for the Micro Switch Div. of the 
Minneapolis-Honeywell Regulator Co., 
Freeport, Ill., as a quaity control 
technician. 


Vernon E. Anderson © is now em- 
ployed at the Carnegie-Illinois Steel 
Corp.’s south works, Chicago, IIL, as 
junior observer. 


Albert Raitzer @, formerly metal- 
lurgist with the Sheldrick Mfg. Co., is 
now engaged as metallurgist on tool 
and die problems with the Tapco Div., 
Thompson Products, Inc., Cleveland. 


Alvin Shames @, after graduating 
from Colorado School of Mines, was 
appointed graduate assistant in the 
division of metallurgy at Pennsylva- 
nia State College. 


H. Raymond McCoy @, for the 
past 10 years chief metallurgist at 
the Ohio Steel Foundry Co., is now 
connected with Texas Electric Steel 
Casting Co., Houston, Tex., as chief 
metallurgist. 


Clinton Webster @, a recent grad- 
uate of the Michigan College of 
Mining and Technology, has accepted 
a position as junior metallurgist with 
the Cerro de Pasco Copper Corp., 
Oroya, Peru, South America. 


R. Doughton, Jr.. @ has been 
transferred to duty in the specifica- 
tions and standards branch, Office of 
Naval Material, Navy 
Washington, D. C. 


Department, 


Peter A. Frasse and Co., Inc., an- 
nounces the appointment of Bernard 
Dolan ©, formerly manager of mer- 
chandising, to the position of manager 
of sales. He is assigned to the New 
York, New Jersey and Connecticut 
areas and will continue to direct ad- 
vertising and 
activities. 


sales promotion 


Roman Nowicki © is now attend- 
ing the University of 
Graduate School. 


Michigan 


Robert M. Shapiro ©, who was 
formerly a research fellow at the 
University of Pittsburgh, is now an 
engineer-in-training at the Scientific 
Supply Co., Houston, Tex. 


J. B. Caine @, formerly director 
of research of Sawbrook Steel Cast- 
ings Co., has established a technical 
consulting 
problems. 


business on casting 


After completing work for his B.S. 
at the University of Wisconsin, Edwin 
D. Baugh © has started to work for 
the Westinghouse Electric 
atomic power division. 


Corp . 





aul POTS ARE NOT Aiiyg, 


O indeed, all pots are not alike. Take for exam- 

ple these ACCOLOY CYANIDE POTS. Every 
size and shape for each particular job and use. And 
they differ from all other competitive makes because 
of their thin wall construction. 

Yes, 3%” wall section in the smaller sizes and 12” 
wall in the larger ones. Made by a casting technique 
that controls grain size throughout the entire pot. 
No more enlarged grain size under heads or risers. 


While a THIN-WALL pot is more difficult to 
cast, the resultant finer grain size obtained gives 
longer service life and takes less heating-up time — 
two vital factors in PRODUCTION ECONOMY. 

Before shipping, each pot is thoroughly pressure 
tested — spot X-rayed — and solution tested to make 
certain it is free from porosity. 

So—for the best in alloy pots, be sure it’s 
ACCOLOY and watch your savings increase. 


ALLOY ENG/NEERING & CASTING COMPANY 


ALLOY CASTING CO. (pivision) 


CHAMPAIGN, ILLINOIS 
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Personals 


Following graduation from Colo- 
rado School of Mines, Daniel Oak- 
land @ has been named a sales en- 
gineer trainee at the Whiting Corp., 
Harvey, Il. 


C. E. Makepeace @ has recently 
been appointed process control metal- 
lurgist of Algoma Steel Corp., Ltd., 
Sault Ste. Marie, Ont., Canada. He 
was a May 1949 graduate of McGill 
University and attended Wharton 
School of Finance and Commerce. 


Clinton P. Mott @, formerly pro- 
duction manager of Christensen Dia- 
mond Products Co., has established 
a consulting service in Salt Lake City, 
Utah, specializing in industrial plant 
design and operation. 


Frank W. Meblett @, a recent 
graduate from the University of Cin- 
cinnati, is now a metallurgical en- 
gineer with the Sawbrook Steel Cast- 
ing Co., Lockland, Ohio. 


Albert H. Fleitman @, formerly 
with the U. S. Reduction Co., is now 
metallurgist for Inland Steel Co., 
Indiana Harbor, Ind. 





Round 


and Round it goes 


for Longer Conveyor Service when 
engineered by STANDARD ALLOY 


You achieve longer life . 
design and operation with alloy conveyor belts engineered by 


Standard Alloy. 


. . greater rigidity .. . 


and simplicity of 


The selection of the best belt for conveying metals through fur- 
naces involves many problems that have been met and solved 


by Standard’s engineers. 
are available. 


For any problem concerning alloy castings 
hearths, trays, containers, fixtures, etc. - 


Many designs for various applications 


conveyors, roller 
consult Standard Alloy. 


Write for the helpful 24-page catalog. 


STANDARD ALLOY CO., INC. G2vccano to ono 


BUFFALO 
€. A. Mansfield 
Ellicett Square 


CINCINNATI 
Pearson Browne 
ist National Bank Bidg 


PITTSBURGH 
Robert A. Schmidt 
404 Frick Bids 


CLEVELAND 
C. B Jackson Sales & Engr. Co 
15201 St. Clair Ave 


HOUSTON 
8. F. Coombs 
2221 Telephone Ra 


DETROIT 
Gehringer & Forsyth 
1615) James Couzens Highway 


PHILADELPHIA 
Towle & Son 
18 W. Chelton Ave. Bidg 


MINNEAPOLIS 
R. E. Hayden 
7445 First Ave. Se 


LONGMEADOW. MASS 
B. G. Constantine 
Centro! Engineering Co 
51 Converse St. 


CHICAGO 
Harry N. Steffen 
4821 W. Cortland &t 


MILWAUKEE 
Ed. P. Lindergren 
3748 W. Greenfield Ave 


NEW YORK CITY 
R. B. Steele 
254 West Sist St 
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J. J. Zimmerman @, formerly chief 
production engineer of Playboy Motor 
Car Corp., is now general supervisor 
of the planning section, receiver divi- 
sion of General Electric Co.’s Syra- 
cuse, N. Y., plant. 


Horace A. Johnson @ has accepted 
a position as metallurgical observer 
with the Carnegie-Illinois Steel Corp., 
Gary, Ind. 


Formerly with the New York Air 
Brake Co., Harry C. Burnett @ is 
now metallurgist at the National 
Bureau of Standards, Washington, 
D. C. 


Following graduation from Mis- 
souri School of Mines, Lowell T. Smith 
@ has been employed by Lewin- 
Mathes Co., St. Louis, Mo., as pro- 
duction supervisor. 


Edward P. Gruca @ has been trans- 
ferred by Pullman Standard Car Mfg. 
Co. from the Pullman Car works in 
Chicago to the research and develop- 
ment division in Hammond, Ind., 
where he will direct the welding 
research activities. 


Robert A. Woodside @, formerly 
works metallurgist at the Donora, Pa., 
plant of the American Steel & Wire 
Co., is now works metallurgist with 
the Lewis Bolt & Nut Co. in Min- 
neapolis, Minn. 


Following graduation from Mis- 
souri School of Mines and Metallurgy, 
John P. McGowan @ has accepted a 
position as metallurgical engineer 
with the Eagle-Picher Co., Hillsboro, 
Til. 


After graduating from the Univer- 
sity of Wisconsin in January 1950, 
Robert E. Hueschen @ has accepted 
employment with the General Elec- 
tric Co. as a metallurgical engineer 
in the training program at Hanford 
Works, Richland, Wash. 


D. M. Johnson @ has been trans- 
ferred by the Western Electric Co 
from the Hawthorne Works at Chi- 
cago to be the metallic raw material 
engineer at the company’s new plant 
in Indianapolis. 


Donald G. Dewey ©, who grad- 
uated from the University of Notre 
Dame in January 1950, is now em- 
ployed at the Northwestern Steel & 
Wire Co., Sterling, IL, as assistant 
metallurgist. 


Charles F. Ramseyer @ and J. R. 
Miller, both formerly associated with 
H. A. Brassert & Co., have formed a 
consulting partnership 
for general engineering practice un- 
der the name of Ramseyer & Miller, 
Inc., New York City. 


engineering 





Two Type HD-3684 Hevi Duty Verticol 
Retort Furnaces in operation at The 
Americon Metal Treating Compony 
Cleveland, Ohic 


“Extre lerge pieces ore no problem with Hevi 
Duty Furnaces,” soys Mr. J. L. Teegerden of 
the Americon Metal Treoting Compeny. “We 
con harden 7 ft. rolls or 3 ft. diameter gears 
without scole or decorburization 


This is a typical example of how one of 


Cleveland's long-established heat treaters found 
that Hevi Duty Furnaces provide for flexible opera- 
tion which helps meet the demands of exacting 
customers. Consistent, uniform results are possible 
becouse Hevi Duty Vertical Retort Furnaces are de- 
signed for multiple zone temperature control and 


rapid circulation of the furnace atmosphere. 


Bulletin HD-646 gives you many more reasons why 
Hevi Duty Furnaces do an outstanding job. Send 
for it today! 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVIsBUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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Many fabricators find it of real 
value to order stainless and stain- 
less clad heads from G. O. Carlson, 
Inc. and eliminate the need to place 
orders with two suppliers; one for 
the plate and the other for the 
shape. You save time and money by placing full responsibility with 
one dependable source. G. O. Carlson, Inc. delivers finished heads 
to your required size and bevel specifications, ready to use. 
Carlson stainless and stainless clad heads are produced in a 
wide range of sizes and gauges to ASME and standard specifica- 
tions. A large assortment of dies is available for flanged, flared, 
dished, hemispherical, flanged and dished, and flared and dished 
heads. Special sizes can be spun where practical. 
Your inquiry, together with specifications, will be given our 


prompt attention. 


(CARLSON, we. 


Yy Stainless Steels Exclusively 
300 Marshalton Road, Thorndaie, Pa. 
PLATES « FORGINGS « BILLETS « BARS « SHEETS (No. | Finish) 
District Sales Offices and Warehouse Distributors 
in Principal Cities 
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Melting and Casting 
of Nonferrous Metals” 


THis SYMPOSIUM consisted of six 

papers. The first was rather 
general; the others dealt specifically 
with copper and various copper 
alloys. 

The first paper, “Melting and 
Casting of Nonferrous Metals”, by 
G. L. Bailey and W. A. Baker (25 
pages, 4 plates, 29 references), was 
primarily a review of available in- 
formation. The requirements of 
quality billets (ingots) are outlined 
with reference to the more common 
defects (folds, inclusions, exuda- 
tions, cracks, internal cavities). 
This leads into a description of the 
solidification process. Next comes 
a discussion of dissolved gases and 
the removal of them; then, a de- 
scription of open-slab casting, top 
pouring, and nonturbulent pouring, 
with two pages on the practical as- 
pects of obtaining directional solid- 
ification. The most important 
development of directional solidifi- 
cation is in the continuous and 
semicontinuous casting methods 
used to a limited extent for copper 
alloys and more widely for alumi- 
num alloys. As these methods of 
pouring involve rapid cooling after 
solidification, large residual stresses 
are developed in the casting. Never 
theless, these processes approach 
more nearly to the ideal require- 
ments of a casting process than any 
of the older methods. The vertical 
fall of metal into the mold is short, 
so that the problem of mechanically 
entrapped gases and oxides does not 
arise. At the same time, sufficient 
heat is extracted from the metal in 
the desired axial direction to pre- 
vent “bridging”, and the resulting 
casting is notable for its internal 
soundness. 

The paper is concluded with a 
discussion of macrostructure and 
microstructure. 

The second paper, “Production 
of Refined Copper Shapes”, by R. H. 
Waddington (14 pages, 4 plates, 
6 references), gives a thoroughly 
up-to-date account of the proce 
dures employed by International 
Nickel Co., at Copper Cliff, Ont 
Blister copper from converters is 

(Continued on p. 652) 


*Abstract of “Symposium on 
Metallurgical Aspects of Nonferrous 
Metal Melting and Casting of Ingots 
for Working”; first published in the 
Journal of the Institute of Metals, 
January 1949; republished, with dis- 
cussion, as No. 6 in the Institute of 
Metals Monograph and Report Series. 
London. ($2.50.) 
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Melting and Casting 
of Refined Copper 


(Starts on p. 650) 
transferred while molten to the 300- 
ton reverberatory furnaces a mile 
and a half away, where it is suit- 
ably treated and then cast into 
580-lb. anodes for the electrolytic 
department. Electrodes are of high- 
purity graphite, 18 in. in diameter, 
to carry 4000 kva. Consumption of 
electrodes is about 4 Ib. per short 
ton of copper melted. Each furnace 
is connected to a well-insulated and 
protected launder system, leading to 
the pour hearths which hold about 
5 tons of metal and allow variation 
of flow rate and temperature control 
as metal is poured into the molds. 
Melting is continuous. Air is ad- 
mitted to the furnace to keep the 
oxygen content of the metal at about 
0.01%. This minimizes the influ- 
ence of the hydrogen present. A 
typical analysis of the furnace at- 
mosphere is 16.8% CO,, 3.1% CO, 
0.6% O, 0.5% H, H,O not deter- 
mined, the remainder or about 75% 
N. It is assumed that unsoundness 
results chiefly from the following 
reactions: 

Cu,S-+ 2 Cu,0—6 Cu+S0, 

H,+Cu,0—2 Cu+H,0 
Although the solubility of carbon in 
molten “oxygen-free” copper just 
above its melting point is about 
0.0001% , it must be remembered that 
this amounts to about 10% of the 
volume of the copper, and that oxi- 
dation of this much carbon may 
cause porosity. The Copper Cliff 
process presumes that the solubility 
of carbon in copper containing 
0.01% oxygen is probably too low 
to be of practical significance. 

rhe whole matter of mold dress- 
ing is given in great detail. The 
molds are manufactured in the com 
pany’s own shops from electrolytic 
tough-pitch copper to which silver 
has been added to maintain surface 
quality during the life of the mold. 
They are drilled to provide a sys 
tem of connected internal channels 
for the circulation of cooling water. 
The assembly of casting-wheel 
molds is connected to a suitable 
heat exchanger and about 500,000 
B.t.u. per ton is removed. 

In pouring, the objective is to 
obtain a rate of solidification that 
is not so rapid as to cause shrink 
age cracks or voids, and vet fast 
enough to give essentially unidirec 
tional cooling and to deter reaction- 
unsoundness Mold temperatures 
are prevented from rising more 

Continued on p. 654 
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KODAK INDUSTRIAL 
X-RAY FILM, TYPE K 


This 20-inch valve body with its 2-inch-thick walls was 


radiographed with Kodak Industrial X-ray Film, Type K. 


The radiographer chose this type because it has high 
speed to do heavy jobs like this with the shortest possible 
exposure time. In this case, exposure of only 30 minutes 
was sufficient. 

With all its high speed, this film provides uy od racdio- 
graphic quality to make sure that no significant imperfec- 
tions in the casting will be missed 
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RADIOGRAPHY 
IN MODERN INDUSTRY 


A wealth of invaluable data on radio- 
graphic pring iples practices and 
technics. Profusely illustrated with 
photographs, colorful drawings, dia- 
grams, and charts. Get your copy from 
your local x-ray dealer—price $3. 





Radiography 


.-. another important function of photography 














A TYPE OF FILM FOR EVERY PROBLEM 


To provide the recording medium best suited to any 
combination of radiographic factors, Kodak pro 
duces four types of industrial x-ray film 


Type K has medium contrast with high speed For ganna 
raysand for x-ray work where highest possible speed is need 


edat available kilovoltage without cualcnum tungstate screens 


Type & provides the highest available speed and contrast 
when exposed to x-rays with calcium tungstate intensify 
ing screens. Has wide latitude with either x-rays or gamn 


rays, exposed directly or with lead foil screens 


Type M provides maximum radiographic sensitivity, high 
contrast, and exceptional detail under direct exposure or 
with lead foil screens. It has extra fine grain, and the 
speed wm adequate for examination of light alloys at average 
kilovoltage and for much millhon-volt radiography 

Type A offers high contrast with about three times the 
speed of Type M but with slightly more graininess. Used 
direct or with lead foil screens for study of light alloys at 
low voltages, and of heavy steel parts with 1000-ky x-rays 


or gamma rays 


EASTMAN KODAK COMPANY 


X-ray Division - Rochester 4, N. Y. 
“Kodak” is a trade-mark. 








Melting and Casting 
of Aluminum Bronze 


(Starts on p. 650) 

than 30°F. by means of the water 
circulation. Records and inspection 
are most carefully devised; most 
of the Copper Cliff specifications 
are more exacting than those of the 
B.S.I. or A.S.T.M. The phosphorus- 
deoxidized copper has a residual 
phosphorus content between 0.007 
and 0.060%. 

This paper illustrates the impor- 


tance of small details. For instance, 
the statement that bone ash was 
used for a mold dressing might seem 
like a sufficient specification. But 
the practitioner in the casting shop 
will be glad to know that one type 
of bone ash that was found to be 
quite unsatisfactory for molds used 
in casting horizontal shapes was 
acceptable for vertical castings. 
Every detail has to be taken into 
account. 

In A. J. Murphy and G. T. Callis’ 
paper, “Melting and Casting Alumi- 
num Bronze Ingots for Subsequent 
Working” (14 pages, 2 plates, 3 ref- 
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erences), it is pointed out that alu- 
minum bronzes, because of their 
high solubility for hydrogen, can be 
particularly plagued with pinhole 
porosity in the ingot if any consid- 
erable amount of hydrogen is ab- 
sorbed during the melting of the 
metal. The authors point out that 
if the aluminum oxide film is al- 
lowed to form on the molten metal 
and is not removed or disturbed, 
there is no pinholing in the finished 
casting unless the metal is grossly 
overheated or is retained molten for 
a very long time. The simplest ex- 
planation of this observation is that 
the film is impermeable enough to 
prevent hydrogen and other gases 
from gaining access to the molten 
metal except at a very slow rate. If 
the oxide film is diluted by the use 
of fluxes, the protective action no 
longer exists, as Bailey and Baker 
also observed. The gases pass into 
the metal with resulting pinhole 
porosities in the ingot unless rapid 
chilling is employed. The authors 
point out that fluxes are thus not to 
be used indiscriminately, and are 
really justified only in the remelt- 
ing of drossy skimmings and resi- 
dues, in order to reduce losses due 
to entrapment of valuable metal in 
the nonmetallics. 

On the other hand the aluminum 
oxide which is so beneficial for 
maintaining a gas-free melt will 
give rise to very poor surface in the 
casting if top-poured permanent 
molds are used. For this reason the 
Durville process is of special ad- 
vantage in casting these alloys. In 
this well-known process the surface 
of the metal is maintained unbroken 
during casting and a billet of ex 
ceptionally high surface quality can 
be obtained. 

As Murphy and Callis point out 
the freezing range of the aluminun 
bronzes is quite narrow (15 to 
25° F.) so that the alloy may form 
a deep central pipe, especially in 
long narrow castings. For this rea 
son the Durville process is limited 
to ingots whose ratio of length to 
diameter is of the order of 8 to 1. 
For castings longer than this, the 
general practice is to fall back on 
the ordinary method of top pouring, 
which necessitates scalping the in 
got, although many alternate meth 
ods involving bottom pouring and 
other means have been proposed. 

Murphy and Callis describe the 
defects which may be found in 
Durville-cast ingots, including rip 
ple marks on the surface caused by 
unsteady operation of the machine, 
patches of oxide or dross on the 
surface resulting from insufficient 


(Continued on p. 656) 
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| Latch assembly on deep freeze cabinet 
was made of steel. 
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3 “Covert” switched to brass—saved cus- 


Better product—no complaints—every- 
body happy. 
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T'S AS SIMPLE AS THAT. Cost of the brass 
| (weighing less than a pound in the finished 
parts) was higher. Fabricating cost and proce- 
dure were exactly the same. However, the cost 
of buffing the 70-odd square inches of exposed 
area, before plating, was cut in half and this, 
plus the elimination of rejected parts, effected a 
net saving of 30¢ per set over the extra cost of 
the metal 


This happened to the Covert Manufacturing 
Co., Troy, New York. It could happen to you. 
We'll be glad to talk it over... . Address The 


American Brass Company, Waterbury 20, ied onal wedleae Foes 
Connecticut; in Canada, New Toronto, Ont illustrated at top of page. Handle 
is 12” long overall and is formed 
from bross tube %4” O.D. x .035" 
wall. Hood .049” gage and latch 
087” gage are formed from brass 
NACON D strip. Rollers are turned from ‘2” 
diameter brass rod. 


the name to remember in COPPER, BRASS & BRONZE 
2S. Chromium plating on brass is brighter . . . less costly . . . longer-lasting 
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iron phosphate coating chemical, forms on 
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galling, welding and tearing. 


IMPROVED DRAWING 
AND EXTRUSION 


“Granodraw” forms on pickled surfaces 
a tightly-bound adherent, zinc-iron phos- 
phate coating which facilitates the cold 
mechanical deformation of steel, improves 
drawing, and lengthens die life 

Write or call for more information on these 


products, and advice on your own metal- 
working problem. 


Heng! Developme 2. 1914 


Manvtacturers of Metallurgical, Agricultural and Pharmaceutical Chemicals 


Metal Progress; Page 656 





Melting and Casting 
of Aluminum Bronze 


(Starts on p. 650) 
skimming of the metal in the 
reservoir, a central shrinkage pipe 
caused by pouring at too high a 
temperature or by attempting to cast 
ingots with great a ratio of 
length to diameter, and a fine longi 
tudinal interecrystalline crack on the 
ingot surface usually found after 
pouring from too high a tempera- 
ture, particularly with a new mold. 

This paper contains an excellent 
photograph showing the superiority 
of Durville-cast ingots compared 
with top-poured ingots 

In the discussion F. C. Evans 
that while the authors had 
used a mechanically operated Dur- 
ville casting had ob- 
tained equal if not superior results 
in some Durville 
manually. He 
“speed of tip” 
important, especially 
when you are approaching the hori- 
zontal and are just crossing it and 
require a_ faster burther- 
more, the manually cperated ma 
chine is cheap to manufacture and 
has no complicated mechanical or 
electrical mechanisms to maintain. 
Ingots weighing 400 lb. are success- 
fully cast. 

In the 
Flux Commercially 
Cast Phosphor Bronze” (14 pages, 
1 color plate, no references), N. I. 
Bond-Williams discusses bronzes 
containing from 2 to 10% tin with 
phosphorus 0.15 to 0.2%. He de 
scribes two general casting 
dures the old and the new. 

In the older method 160-lb. sala- 
mander crucibles heated in a coke- 
fired natural-draft 
charged with copper and phosphor 


too 


said 
assembly, he 


respects from a 
machine operated 
emphasized that the 
was very 


speed, 


paper “Application of 
Degassing to 


proce- 


furnace were 
bronze scrap and a liberal addition 
The 


of charcoal. charge 
1% to 1‘ hr. to melt down. 
end of the melt 


was stirred in 


required 
At the 
phosphor copper 
then tin. The 
melt was poured without a strainet 


on a sloping mold which had been 
with a heavy 
French chalk and 
charcoal, and warmed. Slab molds 
1 to 1% in. thick and 3 to 12 
Wire bar 
square by 5 ft. 
results of such a gave 
and littl wonder to the 
following problems 

rhe 
on the rolling surface due 


dressed coat of seal 


oil, powdered 
were 


in. wide molds were 


1% in long rhe 
technique 
rise 
slabs showed a concavity 
to lateral 
contraction resulting from the high 


(Continued on p, 658) 
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HY-TEN Alloy Steels are steels with their own spe- 
cific properties and definitely different chemistry from 
standard AISI and SAE steels. They are not AISI or SAE 
steels to which a trade name has been attached. 


HY-TEN Steels offer the advantages of the latest 
metallurgical improvements before they are incorporated 
in the standard groups. The HY-TEN of today is the stand- 


ard steel of tomorrow. 


HY-TEN is a guarantee of uniform chemistry, grain 


size, hardenability, etc. 


HY-TEN and STANDARD AISI and SAE Steels are 
stocked in a wide variety of sizes, shapes, treatments and 
finishes, thus assuring prompt reliable steel service from 


WL's seven warehouses. 


Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book, indicating your 
title and company identification. It contains com- 
plete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc. 
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WHEELOCK, 
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134 Sidney \t., Cambridge 39, Mass. 
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In Canada 
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AJAX DISTRIBUTING CO., LTD., TORONTO 
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Flux Degassing 
of Phosphor Bronze 


(Starts on p. 650) 

pouring rate and lack of directional 
solidification. This concavity could 
lead to cracked bars and 
quent rolling. The ingots showed 
pronounced tin sweat due to the 
lateral contraction, as well as the 
high gas content, which must have 
resulted from the melting proce- 
dure. Mr. Bond-Williams states that 
%-in. scalp from each rolling sur- 
face (approximately 20% 
was a regular process to eliminate 
the tin sweat. The reducing condi- 
tions employed during melting 
resulted in unsound ingots. In ad- 
dition the practice of casting on 
sloping molds gave low mold life. 

The whole technique was grad- 
ually 
improved by adopting the “Wigley’ 
design of grate for the pit furnaces 
and this decreased the melting time 
by about 50%. 
melted down over an oxidizing flux 
of equal weights of dry sand, mill 
scale (CuO) and fused borax, equal 
to 3% of the weight of the charge. 
Just before pouring, the flux was 
thickened with dry sand and 
skimmed off. The tin added 
and finally the melt was deoxidized 
by adding 15% phosphor copper. 
The melt was poured at a high tem 
perature into a tundish with 
fireclay lining and graphite insert 
and then into vertical book-type 
cast-iron molds having a massive 
bottom for directional solidification 
and fitted with a multiple-hol 
strainer with graphite inserts. The 
molds were dressed with a thin coat 
of volatile oil and then wiped with 
a rag. The combination of a high 
pouring temperature and a 
pouring rate together with a chilled 
bottom mold produced directional 
solidification which reduced the 
concavity of the bar. The use of an 
oxidizing procedure during melting 
produced internal soundness. The 
combination of directional solidifi 
cation and an oxidizing 
procedure eliminated tin 
the extent that scalping was omitted 
It need hardly be noted that such a 
marked improvement within a ten 
year period was due partially to the 
improper technique 
former process. 

Maurice Cook and N.F. Fletcher's 
subject was “Melting and Casting of 
Brass” (20 pages, 11 
Taking the word cover 
binary alloys of copper with 20 to 

(Continued on p. 660) 
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For accurate temperature measurement, use meters 


calibrated for Chromel-Alumel thermocouples 
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Wherever accurate temperature measure- 
ment is important to the finished quality 

of work ... in laboratory analysis or on 
heat treat operations . . . you'll find that 

‘’ nearly always the pyrometers in use are 
calibrated for Hoskins CHROMEL-ALU MEL 


thermocouple alloys. 


And for good reasons, too. Because 

CHROMEL-ALUMEL thermocouple wire 

carries a positive accuracy guarantee 

+5° F. at temperatures up to 660° F., and 
14% from 660° F. and over. It’s highly re- 

sponsive to temperature fluctuations . . . so 

resistant to oxidation that you need not pack 


the protection tube . . . and it maintains its 


Complete technical information is contained in our Catalog 39-R.. 


HOSKINS MANUFA 


4445 LAWTON AVE 


NEW YORK . 


fine accuracy over longer periods of time 
than any other base metal thermocouple 
material. So if you're responsible for accurate 
temperature measurement, better check your 
pyrometers to make sure they're properly 
calibrated, then specify couples by name .. . 
CHROMEL-ALUMEL thermocouples. Avail- 
able through your instrument manufacturer 
or pyrometer service company. 

PS-And while you're at it . . . complete 
your chain of accuracy with CHROMEL- 
ALUMEL “extension” leads. For, by using 
wires of identical compositions for both 
couples and leads, you eliminate all possibil- 
ity of “cold-end” errors. 


. want a copy? 
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LOW-COST 
HYDROGEN 


AND 


NITROGEN 


YOU effect real economies when you use Barrett Standard 
Anhydrous Ammonia as a replacement for other more ex- 
pensive sources of hydrogen and nitrogen. 


Barrett Standard Anhydrous Ammonia (Refrigeration Grade) 
contains a minimum of 99.95% NH; and is oxygen free with 
a very low dew point. When dissociated, each pound produces 
approximately 34 cubic feet of hydrogen and 11 cubic feet 
of nitrogen. 


Engineers have discovered many advantages from the use 
of dissociated ammonia in the production of controlled at- 
mospheres in furnaces for bright annealing, clean hardening, 
copper brazing, sintering, reduction of metallic oxides, atomic 
hydrogen welding, radio tube sealing and other metal-treat- 
ing practices. Anhydrous ammonia also has unsurpassed 
qualities in nitriding of steel, used as ammonia gas or dis- 
sociated. 


Barrett Standard Anhydrous Ammonia is available in 150, 
100 and 50-pound cylinders from stock points conveniently 
located from coast to coast; or, for larger users, in tank car 
shipments from Hopewell, Virginia, and South Point, Ohio. 


The advice and help of Barrett technical men are available 
to Barrett customers without charge. For information, con- 
tact Barrett, America’s leading distributor of ammonia. 


STANDARD 
F ANHYDROUS AMMONIA 
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ae Us 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


40 RECTOR STREET, NEW YORK 6.N¥. *Reg. U. S. Pat. 08. 
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Melting and Casting 
of High-Zinc Brass 


(Starts on p. 650) 

43% zinc, as well as more complex 
alloys containing one or more ad 
ditional elements in much smaller 
proportions, they considered brass 
melting practices from the metal- 
lurgical standpoint. In general the 
brasses are easier to produce than 
aluminum bronzes, tin bronzes o1 
silicon bronzes. 

Melting units are described 
briefly. A reminder is given that 
the brass alloys are not sensitive to 
gas pickup, nor do they suffer much 
more than loss of zinc by oxidation. 
This gives greater latitude as to the 
type of furnace used. For repeat 
melting of the same alloy low-fre 
quency induction is by far the most 
favored method. Loss of zine by 
volatilization is, of course, an ever- 
present factor. The authors recom 
mend a covering of charcoal which 
prevents the inward diffusion of 
oxygen and the outward diffusion 
of zinc. The two reacting clements 
meet in the charcoal layer, forming 
zine oxide which blocks the inter 
stices in the mechanical barrier and 
so increases its effectiveness. The 
disturbance of the cover results in 
the immediate evolution of zine 
vapor and the formation of a cloud 
of zinc oxide fume. Some years ago 
one of the authors made an ex 
tended study of metal losses during 
brass melting and, in reporting on 
the losses resulting from varied 
operational conditions and protec 
tive and fluxing treatments, showed 
that the loss in low-frequency in 
duction furnaces could be kept be 
low 1% by covering the residual 
metal with a layer of charcoal be 
fore the start of charging, and, 
when all the metal was melted, add 
ing a mixture of borax and com 
mon salt which was stirred into the 
layer of charcoal and dross, all of 
which was skimmed off before 
pouring. Phosphorus is not com 
monly added to brass The addi 
tion of about 0.05° metallic arsenix 
is referred to as preventing dezinci 
fication under service conditions 

Whereas cast-iron molds used 
to be the rule, the advantages of 
water-cooled copper molds have 
been definitely established. Never 
theless, some very satisfactory cast 
ings are still made in iron molds 
The main trouble with iron molds 
is the cracking of the mold surface 
Copper-cooled molds are con 
structed with relatively thin face 

(Continued on p. 662 





FREE NEW Bulletin 
will help you in Lubricating 
Hot Metal Operations 


T 400°F., and wp as far as you ever go, “dag” colloidal graphite provides the 
best and most dependable lubrication. 


In deep piercing you get smooth forgings, close tolerances, and reduce wear 
on dies. In casting and mold stripping you get smooth surfaces, clean parting, fewer 
rejects; and additional mold life. 


In forging you minimize scaling and sticking, improve finish, lengthen die life. 


In stretch-forming you reduce tearing and rippling. In wire-drawing you get 
perfect diameter, smoother finish and greatly extended die life. 


Brass, bronze, aluminum, magnesium, carbon steel and stainless steel ae 
wherever your fabrication problems are friction and heat . “deg” colloidal 
graphite reduces the one and resists the other 


The New Acheson Bulletin #426 on the Use of “deg” Colloidal Graphite in 
Metal-forming Operations is just off the press . a copy is ready for you if you 
will fill in and mail the coupon 


ACHESON COLLOIDS CORPORATION 
Port Huron, Michigan 


Send me the New free Bulletin #426, Lubrication in 
Metal-working 
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The first Holcroft 
radiant-tube continu- 
ous furnace was built 
in 1936, and is still 
yemsee efficiently 

he close-up at right 
shows the simplicity 
of the Holcroft radiant- 
tube installation 
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yo = 
. O—a— “tT v B E 


ant Lott 
RADIATING ut a Applied by 
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20 a fj yi 


for LARGER FURNACE CAPACITY 
utth GREATER ECONOMY 


Radiant-tube heating of continuous furnaces has solved 
the problem of building larger, more durable furnaces for 
controlled-atmosphere heat treating 


As applied by Holcroft, this heating method offers the 
following advantages 


¥ Gas or electric firing may be used with the same 
tube assembly, permitting quick conversion without 
major overhaul 

Holcroft burners are of closed-head design. Air and 
fuel are metered, and are progressively mixed as they 
pass through the tubes. This assures both maximum 
combustion efficiency and the uniform heating required 
for greatest tube life 


* 


The burner design permits floating control, with the 
same superior performance at all rates of heat input 


All tubes are readily replaced without cooling the fur- 
nace; and electric heating elements are replaced with- 
out removing the tubes 


These are but typical of the many advantages 
provided by Holcroft leadership in production 
heat treat furnaces for every purpose leader- 
ship based on complete metallurgical and en- 
gineering service. We invite your inquiries 
ILLUSTRATED BULLETIN vers design advantages 


applications of radiant-tube heating. May we send you a< 


SINCE 1916 


6545 EPWORTH BivD. DETROIT 10, MICHIGAN 
CHICAGO 9 CLEVELAND 2 HOUSTON I CANADA 
C. 4. Martin, A.A. Engethardt Wallace F. Schott RE. McArdle Walker Metal Products Ltd 
4209 South Western Blvd 6516 Detroit St 5724 Navigation Bivd Windsor tar Paris 8. France 
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Melting and Casting 
of High-Zinc Brass 


(Starts on p. 650) 
plates of wrought copper; the main 
framework, including the water 
jacketing and piping arrangements, 
is of steel or cast iron. The copper 
facing is normally only about % in. 
thick. There is a tendency on the 
part of the copper face plates to 
bulge and this frequently deter- 
mines the scrapping of the plates. 

The importance of mold dress- 
ing is emphasized. The function of 
the dressing is to protect the mold 
surface and prevent the molten 
brass from coming into contact with 
it, and to provide an insulating film 
which controls the heat flow from 
the solidifying metal to the mold. 
Dressings fall into two types 
flaming and nonflaming. Flaming 
dressings are generally used, as they 
fill the mold with a reducing at 
mosphere almost as soon as pouring 
starts and help to protect the stream 
of molten metal from oxidation. 
They also have an appreciable ef 
fect in refining the crystal structure 
of the casting. The materials used 
for flame dressing may be oil of 
various kinds, petroleum jelly, tal- 
low or resin, or a mixture of these, 
with a filler of powdered charcoal, 
tale, or china clay. Nonflaming 
dressings use bone ash or lamp- 
black applied dry or as an aqueous 
suspension with or without a wet 
ting agent to improve the uniform- 
ity of spreading. Resin dressings 
are to be preferred for iron molds 
but oil-base ones with powdered 
charcoal for water cooled molds. 
Ninety-five per cent of the charcoal 
should pass through a 240-mesh 
sieve; coarse particles give trouble. 
All mold surfaces should be kept 
clean. 

The desired conditions of pour 
ing are a short stream, smooth and 
unbroken, and avoidance of the 
earrying over of dross and other 
foreign matter into the mold. Verti- 
cally poured molds have in general 
superseded inclined pouring. Rea- 
sons are given for this. Attention 
is drawn to the fact that for brasses 
containing aluminum the mechan 
ical aspects of pouring are of spe 
cial importance. A dressing of any 
nonflaming type should be used to 
avoid turbulence. 

Reference is made to the 
Durville process. Large vertical 
castings of aluminum brass can be 
consistently and satisfactorily made 
by direct pouring into copper-face 

(Continued on p. 670) 





ENGINEERING DIGEST OF NEW PRODUCTS 
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30-INCH TABLE MODEL ELEC- 
TRON MICROSCOPE: A greatly sim- 
plified table-model electron microscope, 
only 30 in. high, has been developed 
by the Radio Corp. of America to sell 
for less than $6000. 

Of revolutionary design, employ- 
ing for the first time permanent 
magnet lenses requiring no stabiliza- 
tion circuits and controls, the new 
RCA Permanent Magnet Electron Mi- 
croscope will provide useful magnifi- 
cations up to 50,000 diameters by 
photographie enlargement, with direct 
magnification in the instrument rang- 
It has the 
same 50,000-volt accelerating poten- 
Model, RCA 
spokesmen disclosed, and is more than 
20 times as powerful as the best opti- 
cal microscope, with a depth of focus 
150 times as great 


ing up to 6000 diameters. 


tial as the Universal 


The availability of a satisfactory 


and relatively inexpensive electron 


microscope is certain to further the 
use of electron microscopy as a rou- 
tine tool for metallographic examina- 
tion, the company stated. 


A unique advantage in time-saving 
and convenience is afforded by an en- 
gineering advance which for the first 
time permits insertion of specimens 
into the evacuated column, and their 
removal, without breaking the vac- 
uum. In addition photographic plates 
may be changed without admitting 
more than a small amount of air to 
the column. As a result, pumping 
time between plates is reduced to only 
90 sec. 

To change specimens the operator 
needs only to pull out of the column 
a sliding rod containing the specimen 
holder, make the change, and push the 
rod back in place. A new type of 
specimen holder fucilitates pre-prepa- 
ration of specimens so that produc- 
tion-line procedures may be followed 
in running one specimen after another 
without any delay. 

For further information circle No. 342 
on literature request card on p. 668A 





SUBMERGED ELECTRODE FUR- 
NACE: The Ajax Electric Co. is 
offering the Ajax Hultgren Salt Bath 
Furnace equipped with the newly 
patented submerged electrodes. The 
improved design is recommended for 
use with salt baths operating at 
temperatures from 1700 to 2400° F. 
as well as for exceptionally deep 
baths. 

Basically, the submerged electrode 
similar to that of the 
stardard Ajax furnace. However, in- 


design is 


stead of the electrodes entering from 
the top of the bath, they enter 
through the back-wall of the furnace 
just below the surface of the bath. 
They are closely spaced to produce 
stirring action com- 
mon to all Ajax Salt Bath Furnaces 
thus assuring rapid heating and tem 
perature uniformity within 5° F. The 
submerged electrodes are so posi 
tioned that, should the bath freeze 
from any cause (such as power inter- 


‘ lectrody namic 


ruption, malfunctioning of control 
equipment, etc.), the salt will shrink 
sufficiently to expose the electrodes 
for restarting in a manner similar 
to the standard Ajax furnace. 
Specifically, submerged electrodes 
are recommended for deep baths for 
heat treating long work from 1100 
F. upward; for the high heat unit 
used in hardening high speed steel 
tools at 2200 to 2375° F.; for high- 
carbon high-chromium dies at 1850* 
F.; and for all operations carried out 


in neutral salts above 1700° F. such 
as neutral hardening carbon and 
alloy steel, annealing and hardening 
stainless steel, heating for forging 
and brazing. 

The primary advantage of using 
submerged electrodes for high- 
temperature work is that the life of 
the electrodes is greatly extended 
because, being totally submerged, 
they are not exposed to the severe 
oxidizing action which takes place at 
and above the bath surface. Users 
are now experiencing an electrode 


rene ae 
eres Berner 


senmen Ooees 
& enconcen 


life of from six months to three 
years (depending upon the number of 
operating hours per day, the opera 
tion and the operating temperature) 
Electrode replacement is not as easy 
as with the standard design although 
it is less frequent. Since the use of 
submerged electrodes is at present 
restricted to use with ceramic pots, 
the design is not recommended for 
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cyanide hardening, carburizing, de 
scaling, cleaning, desanding or for 
use with nitrate salts since the much 
cheaper and long-lived welded steel 
pots give best service for these 
applications. 

In the submerged electrode fur 
nace the exposed bath surface is re 
duced to a minimum, namely, the 
desired working area only. This re- 
duces power consumption as much as 
30% on high-temperature units. The 
restricted bath surface also reduces 
sludge formation. The bottom of the 
pot is free from live electrical parts 
or circuits since the electrodes are 
closely-spaced and set against the 
back-wall. The top of the furnace is 
free from obstructions and the entire 
assembly is enclosed in a steel casing 

All of these design features result 
in a furnace that is easily charged 
and discharged, easy to keep clean, 
readily desludged, and one in which 
the heating 
prevented from entering the work 
and overheating it 
For further information circle No. 343 
on literature request card on p. 668A 


current is effectively 


METAL CLEANER: A new pre 
paint metal-cleaning material, Com 
pound No, 33,’is announced by Oakite 
This material removes 
all rust and prepares metal for paint 
in a single procedure. 

report describes Oakite 
(Continued on p. 664) 


Products, Inc 


Service 
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(Continued from p. 663) 
Compound No. 33 as having solvent 
and detergent properties which are 
extremely effective in removing 
stamping and forming oils, rust pre- 
ventives, carbon smuts, soldering and 
welding fluxes, identification inks and 
similar soils. In addition, this ma- 
terial is said to contain acid ingre- 
dients that act on rust, heat scale, 
tarnish and other oxides; to have 
special accelerating agents that make 
rust removal (along with removal of 
oil) an amazingly fast operation. 
Thirdly, the report states, 
this material has the ability to con 
vert the surface layer of metal into 
a thin film of insoluble phosphates, 
which provides an excellent bond for 
paint. Material is said to have sim- 
ilar etching and conditioning action 
on aluminum sheets and aluminum 
castings. 

For further information circle No. 344 
on literature request card on p. 668A 


service 


HEAT AND CORROSION RESIST- 
ANT COPPER WIRES: Heat resist- 
ant nickel-clad copper wires which 
provide the good electrical conduc 
tivity of copper combined with the 
heat and corrosion resistant proper 
ties of nickel have been announced 
by the Parts Div., Sylvania Electric 
Products, Ine. 

Sylvania is specializing in diam 
eters ranging from 0.010 in. to 0.005 
in. which are particularly well-suited 
for stranding and for lead wire 
applications where high-temperature 
working of hard glass frequently 
renders solid copper wires brittle and 
unworkable, as in the processing of 
high wattage incandescent lamps and 
electron tubes, 

Stranded conductors of nickel-clad 
copper conductors are also finding 
increasing applications in electrical 
leads for aircraft, electric furnaces, 
electric ranges and other home appli 
ances, jet engines, and a wide range 
of laboratory and industrial equip 
ment where high temperature or 
corrosive atmospheres tend to make 
solid copper conductors brittle and 
unreliable 

Production of nickel-clad copper 
wire for these applications is con- 
trolled so that a practically uniform 
ratio of nickel to copper is maintained 
through a series of cold drawing 
operations in which the nickel-clad 
ding ranges from 27 to 29°. During 
the process perfect bonding of nickel 


to copper is obtained. Good work- 
ability and electrical characteristics 
are assured through heat treating or 
annealing at frequent intervals and 
after final drawing. 

Automatic production equipments 
also assure uniform, close tolerance, 
high-quality wire in any quantity. 
Final drawing of fine wire is fast, 
ranging from 2500 to 3000 ft. per 
min. or up to 34 miles per hour. This 
material is being marketed under the 
brand name “Kulgrid”. 

For further information circle No. 345 
on literature request card on p. 668A 


TIN CONTENT INDICATOR: A new 
portable direct-reading indicator for 
the determination of the ratio of lead 
and tin content in solder has just been 
released by Wheelco Instruments Co. 

With the Wheelco Portable Tin 
Content Indicator, up to 7% tin con- 
tent of lead alloys may be tested in a 
matter of seconds. 


Application of this new instrument 
by users of solder, such as manufac- 
turers of tin cans, etc., eliminates 
time-consuming laboratory tests and 
results in considerable savings and 
improved product quality. 

For further information circle No. 346 
on literature request card on p. 668A 


4 MODERN FLASH ANNEALING 
FURNACE: The continuous “flash” 
annealing of aluminum sheets in a 
new furnace developed by Storky En- 
gineering, Ltd., heats the aluminum 
to its annealing temperatures in 2 or 
3 min. to give recrystallization of the 
structure of the material and elimina- 
tion of rolling line without allowing 
time for subsequent grain growth 
The plant which has been installed 
is continuous, handling single sheets 
up to 5 ft. 6 in. wide and circles down 
to 5 in. diameter at the rate of 1 ton 
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per hour and consists of a loading 
conveyer interlaced with the furnace 
conveyer which is interlaced with the 
cooling conveyer which finally is inter- 
laced with the unloading conveyer. 
Each conveyer consists of a series of 
ropes tensioned and supported to pre- 
sent a system very well adapted to 
conveying and transferring the work. 
This transfer of the work from one 
section of the conveyer to another is 
exceptionally smooth and special at 
tention has been given to all convey- 
ers to avoid marking of the polished 
finished work; in particular the load- 
ing and unloading conveyers have 
nonmetallic ropes and the furnace and 
cooling conveyers have specially con- 
structed ropes and fasteners with in- 
dividual tensioning to each rope. 

Air circulation is adopted, two 
large-volume centrifugal-type high- 
temperature fans placed towards each 
end of the furnace supply air through 
the heater batteries into two sets of 
distribution ducts from which the air 
is directed onto the work. Further 
means are adopted to multiply the 
number of times the air is deflected 
over the work before it is returned to 
the fans and heaters. This method of 
two independent balanced air-circulat- 
ing systems gives a true aerodynamic 
balance to the furnace and the total 
weight of air circulated is substan- 
tially greater than what would be con- 
sidered even modern practice, with 
the result that the most rapid heat 
exchange takes place at the available 
temperature lead 

There are two heater batteries, 
one to each circulating system, and 
each battery is subdivided into lower 
ratings but the total loadings of the 
batteries are unequal. The cold “load” 
of the entering sheets is compensated 
by heavier rating of the heater bat- 
tery at the ingoing end. 

The annealing procedure is laid 
down for each thickness of sheet and 
circle as a function of furnace tem- 
perature and time and the infinitely 
variable speed gear provided on the 
conveyer drive has been calibrated to 
read annealing times. The furnace 
temperature is, of course, consider- 
ably above the temperature attained 
by the sheet and as each is exposed to 
the turbulent air circulation of the 
furnace, annealing time is reduced to 
a few minutes to achieve the close 
grain structure and greater ductility 
so much sought after by fabricators 
in aluminum. 

For further information circle No. 347 
on literature request card on p. 668A 





latest and finest of the McKee Safety Shut-Off Valves 


feos ANOML2 
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Again Eclipse is proud to present one of the 
most unusual and most important develop- 
ments that has been made in recent years in 
the industrial gas field 


Complete and Positive Safety 


No longer do you need to be satished 
with one-way safety on your gas-fired installations 
The new Series “LT” Lock-Tite Safety Valve makes 
possible for the first time instantaneous Gas Shut-Off 
under any or all unsafe conditions. It is available 
with electric solenoid, for unsafe flame conditions; 
or with diaphragm actuators to protect against 
failure of either low pressure, medium pressure or 
high pressure gas and air 

These various combinations, to suit 
the particular requirements of your application, are 


Bea TaN or ites _@ 


Eclipse Fuel Engineering 


interchangeable, and can be made without removing 
the valve from the gas line 


Safe—must be Re-Set Manually 


If an unsafe flame failure condition 
the solenoid valve becomes de-energized, 
permitting the gas valve to snap shut. The valve 
then can only be opened or re-set manually and that 
can be done only after the unsafe condition has been 
corrected, which offers a double protection! 


exists, 


Simple to Install and Service 

All units are supplied with flange 
connections for ease in servicing. Light alloy mate 
rials reduce shipping and handling weight 

Supplied in pipe sizes up to 6” with 
gas capacities up to 20,000 CFH (based on .5” 
pressure drop) 


White fet Dultctin, y.399 


M«< Ke ‘ 


727-§ South Main Street, Rockford, Illinois 
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NEW 10 KILOWATT INDUCTION 
HEATER: A number of new fea- 
tures have been incorporated in the 
Type LI-10 Induction Heating Unit, 
recently announced by the High 
Frequency Heating Div., Lindberg 
Engineering Co. 

On a 100% duty cycle basis, this 
unit is capable of providing more 
than 10 kw. into a suitable load. 


. 7 aR: + 


models are 
available with high and low-imped- 
ance terminals at each station. Input 
power is 230 or 460 volts, 3 phase, 


Single and two-station 


60 cycles. 

Tubes are operated under optimum 
conditions for maximum life. All 
filament voltages are automatically 
regulated by constant-voltage-type 
transformers. The oscillator tube is 
air cooled, and a make-up-type, 
temperature-controlled water system 
cools tank components and work 
coils. This system features a water 
storage tank, built-in centrifugal 
pump, and temperature-operated 
valve. Advantages of this system 
are: greatly reduced water consump 
tion, elimination of harmful conden- 
sation, less sensitivity to water 
pressure and unimpaired operation in 
hard water areas. 


For further information circle No, 348 
on literature request card on p. 668A 


PRIMER FOR MAGNESIUM AND 
ALUMINUM: An outstanding primer 
for metals has recently been added to 
the line of Unichrome Product Fi 

ishes. Unichrome Primer AP-10, as it 
is designated, provides excellent adhe- 


HIGH-VACUUM GAGE: The Na- 
tional Research Corp. has developed 
a new instrument for measuring high 
vacuum designed to fill the needs of 
the laboratory or plant high-vacuum 
instaliation. The pressure range cov- 
ered is 1 mm. Hg absolute to 1x 10° 
mm. Hg absolute. It controls two 
thermocouple-type vacuum gages and 
one ionization-type vacuum gage. 

Thermocouple-type vacuum gages 
indicate pressures directly on the con- 
trol meter from 1 mm. Hg absolute to 
10° mm. by responding to the temper- 
ature of a thermocouple junction 
which is supplied with constant heat. 
Over the stated range, the tempera- 
ture will be an exponential function 
of the pressure due to the varying 
heat conductivity of the rarefied at- 
mosphere. By means of two thermo- 
couple gages, measurements in this 
pressure range may be made at two 
points in the vacuum system. 

One ionization-type vacuum gage 
is used to cover the range from 
5x10" to 1x10° mm. Hg absolute 
on five ranges. Gas ions formed by 
collisions with a controlled electron 
beam are collected in the gage and 
resulting ionization current is meas- 
used on the calibrated amplifier. 
Pressure, which is proportional to the 
number of ions formed, is indicated 
directly on the meter of the control. 

The wide range of pressures—1 
mm. to 1x10° mm. Hg absolute 
covers the whole useful working range 
of high vacuum. The control is suit 
able for production operation or for 
exacting laboratory work. The ioniza- 
tion gage has five ranges with full- 
scale readings at 5x 10 
mm., 1x 10 


mm., 1 x 10° 
mm., and 1x10° mm 
Normal 
sensitivity may be doubled for pres 


with normal sensitivity. 


sures below 5x 10° mm. 
A specially designed low-leakage 


shielded connecting cable is supplied. 
This eliminates errors at pressures 
below 10° mm. where the ionization 
currents are less than 10° amp. 

A protective relay with very short 
time delay automatically turns off the 
ionization gage filament when the 
pressure in the system exceeds 1% 
times the full-scale pressure for which 
the control is set. This saves expen- 
sive gage replacements. In prelimi- 
nary tests, gages have survived more 
than 100 instantaneous pressure 
bursts from 10° 
pressure. 


mm. to atmospheric 


A receptacle at the back of the 
chassis is connected so that auxiliary 
equipment such as alarm bells or re 
lays in pump heater circuits can be 
controlled by the overload relay in 
the protective circuit for the ioniza 
tion gage. 

The filament emission is regulated 
at 1, 5, or 10 milliamperes at the op- 
erator’s choice. The indication of 
small pressure changes without read- 
justment of emission is particularly 
useful for leak detection. This fea 
ture removes all the inconvenience in 
the form of emission adjustment ne« 
essary with the older ionization gage 
controls. 

This control, by itself, will take 
care of all the normal gaging require- 
ments of a high-vacuum system. 
Because the control handles two ther- 
mocouple gages—one for the high- 
vacuum side of the pump and one for 
the low-vacuum side—and because of 
the wide range of coverage, this con 
trol is extremely useful. It is unnec 
essary to use additional controls t 
make instantaneous comparative 
measurements in various parts of the 
vacuum system. 

For further information circle No. 349 
on literature request card on p. 668A 





sion on hard-to-coat magnesium and 
aluminum without chemical or electro- 
chemical pretreatment. Other metals 
on which it is said to do an outstand- 
ing priming job are stainless steel, 
monel, tin, steel, brass, copper, and 
galvanized metals 

After the metal has been cleaned, 
the primer is applied by spraying or 
It can be air-dried or baked 
An air-dried film of AP-10 becomes 
dust-free in 5 min. To obtain a coat- 
ing with the greatest durability, bak- 
ing schedules between 5 min. at 350 


dipping 
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F. and 20 min. at 300° F. are em 
ployed. joth air-dried and baked 
coatings have exceptional adhesion 
and resistance to moisture A baked 
coating has outstanding resistance to 
solvents, alcohols, naphthas, ketones, 
coal tar derivatives, and solutions of 
many metallic salts Unichrome 
Primer AP-10 may be top-coated with 
lacquers, synthetics, or baking enam 
els. 

For further information circle No. 350 
on literature request card on p. 668A 





What Advantages 
dees BA Fluoboric Acid 


Some Important Uses For Fluoboric Acid While the potentialities of Fluoboric 


Acid have long been cited in chemical 


si lae ‘ literature, only recently has Industry 
Electropolishing of Aluminum—to produce mirror-like begun to recognise the multiple advan- 
surfaces such as those on light reflectors. tages this product offers in many 
Metal Finishing—as a matte pickle for zinc 


for brasses and bronzes; plating bath control where erties make B&A Fluoboric Acid of 
Gocherate cclations ate weed. particular value in numerous metal 
Wj cleaning and finishing operations. 

Some of these and other important, 
yet widely-divergent, uses are high- 
lighted here. Perhaps Fluoboric Acid 
holds equal promise in your opera- 
fore silver, copper, nickel or brass plating; dipping tions. To investigate, call or write 


; satin dip fields. Its physical and chemical prop- 


Metal Cleaning and Pickling —to remove oxide film and 
smut from many metals. For example: for cleaning alum 


inum before spot welding; cleaning soldered joints be 





lead and lead alloy parts such as slushing castings, our nearest B&A office for detailed 
stereotype metal and bearing metals; removing light information. 

oxide film from steel before plating; cleaning aluminum 

or zinc die-castings before copper or brass plating; 


cleaning zinc after stripping; pickling tin before plating 


with copper or nickel. REAGENTS 


Dissolving and Stripping Metals—effective with an un- 





Y 
v 
~™ 
Pin Be 
‘ | 
usually wide range of metals; has particular merit where 
other acids are ineffective —as in stripping nickel and 
. silver from racks, removing excess solder, etc. 
; Uses in Other Fields include: 


@ As an Electrolyte for Low Temperature Batteries 


@ With Tin Flvoborate for Sensitizing Plastics 


Prior to Plating FINE CHEMICALS 
@ For Acidizing Oil Wells 


BAKER & ADAMSON Axe Cemicale 
GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
=—40 RECTOR STREET, NEW YORK 6, Ne OV. me me me me me me 


ma *. Ba e * B gham® ¢ Boston® © Bridges * « BRuffalo® *¢ O «? 
i* © Denver® © De ' © Me a* «© Los Angeles*® © Minneapolis * New York® 
burgh® « F und (Ore.) © Prowidence® © St. Lowss® © San Prancs °* © Seat 
Wenatchee (Wash.) © Yakoumna (Wash) 

General Chemucal pany. In Milwaukee, Wie 


w s 
In Canada: The Nichols Chemical Company, Limined * Montreal* * Toronto® * Vancouver® 


*« 


smplece stocks are carted here 
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ENGINEERING DIGEST OF NEW PRODUCTS 
AHHH TU 


COMBINATION WORKTABLE 
AND QUENCH TANK: A new com- 
bination worktable and quench tank 
that can be easily attached to their 
vacuum tube or spark gap converters 
has been designed by Lepel High Fre 
quency Laboratories, Inc 

With the sink cover on, this com 
bination unit forms a handy worktable 
29x56 in. for mounting work coils 
and fixtures. The center portion of the 
table top may be removed, uncovering 
a brass (or stainless steel) quench 


tank 24x 24x18 in. deep, fed by a 
l-in. water line, solenoid controlled. 
This sink can be used for water, oil 
or brine quenching. It will also ac- 
commodate the Lepel Roto Heating 
and Quenching Unit, designed for the 
hardening of gears, blanks, etc. Heat- 
ing and quenching cycles are con- 
trolled by a three-circuit timer 
operated by pushbutton or footswitch. 
This combination work and quench 
table is made from structural steel 
and is provided with a heat-resistant 
table top. It is also available as a 
worktable only, without the quench 
tank, timer and solenoid valve fea- 
tures. 
For further information circle No. 351 
on literature request card on p. 668A 


BLACK FINISH FOR STEEL: Heat 
bath Corp. has developed a new 
method for black finishing of iron 
and steels 

The new Controlled Oxidation Pen 
trate offers a bath whose blackening 
power 8 controlled to 
operate at continuous peak efficiency, 
in single or double baths. 

A two-component product Pen 
trate S. S. consists of a granular 
material which makes up the bulk 
of the bath and a second package 


positively 


Pentrate Brix—containing com- 
pressed briquettes for controlling the 
oxidation rate and maintaining bath 
strength. 

For single bath operation, 1 to 
1%% of the bath weight per day is 
all that is required. For double bath 
operation, each bath will require % 
to 1% of their total weight in addi- 
tion of Brix. The Brix contain 100% 
active materials. Brix also contain, 
in addition to active oxidizers, inhib- 
itors which tend to reduce red and 
green stains on work and agents 
which blacken the steel deeper, denser 
and faster. 

The New Controlled Oxidation 
Pentrate makes it possible for an 
operator to add either oxidizer or 
alkali when it is required. Alkali 
salts should be added to maintain the 
solution level and boiling point only. 
The Pentrate S. S. serves this pur- 
pose. It contains the right amount 
of oxidizer and alkali but does not 
contain an excess of either one. 

Because of the wide operating 
range that this bath has along with 
the proper proportioning of the in- 
gredients in the Pentrate S. S. bath, 
the resulting solutions are more fluid 
than the products in use today. A 
more fluid bath results in lower drag- 
Neither of the two salts 
contains harmful poisons such as cy- 


out costs. 


anides or lead compounds, etc., and 
no hazardous combustible chlorates 
are used. 

For further information circle No. 352 
on literature request card on p. 668A 


DWARF BRINELL PRESS: New 
Type M 60/750 DWARF BRINELL 
PRESS Portable Hardness Tester is 
more versatile in its applications to 
all metals than any similar instru- 
ment, according to The R. Y. Ferner 
With this low priced in 
strument, scientifically exact Brinell 
readings can be easily obtained for 
any metal from soft lead to hardened 
steel. 


Definite pressures of 15.62 kg. to 


Co., Inc. 


750 kg. are indicated correctly, in- 
suring a fine element of precision in 
its wide range. By fitting out the 
device with three sizes of ball pene 
trators separately mounted and inter 
changeable, tests can be made with 
2.5 mm., 5 mm., or 10 mm. ball. The 
third feature is the design of three 


styles of holders or shanks readily 
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adapting it for use in an ordinary 
vise or C-clamp; arbor press or sen- 
sitive drill or any other machine tool. 
Tests can be made with this instru- 
ment on rolls or molds, etc., directly 
during the machining operations if 
one wishes to investigate the nature 
of successive depths after each pass 
of the mills, turning tools or grinders. 
For further information circle No. 353 
on literature request card on p. 668A 


DYNAMOMETERS: Newly devel- 
oped 30,000, 40,000 and 50,000-pound 
capacity traction-type Dynamometers 
are announced by W. C. Dillon & 
Company, Inc. 

Dillon Dynamometers are used for 
checking draw-bar pull, weight of 
bulky objects, tension in ropes or 
Large items 
that must be tested cannot fit into an 
ordinary laboratory tester and can 
only be handled by means of a Dyna 
mometer. These new additions make 
this possible at a low cost and with 
a high degree of accuracy 

The dial diameter of these new 
units is 10 in. This makes for 
easy reading and fine increment 
breakdown. The instruments can be 
used indoors or outdoors wherever 
the job may be. 

For further information circle No. 354 
on literature request card on p. 668A 


cables, static loads, etc. 


FOOL-PROOF DETECTOR PRE- 
VENTS EXPLOSIONS: A fool-proof 
flame detector which eliminates pre- 
vious limitations in electronic safe- 
guards for many processes where oil 
er gas fired burners are used has 
been developed by Minneapolis 
Honeywell Regulator Company. 

The device, known as the new 
Protectoglo, operates on flame recti 
fication principles. It makes use of 
the fact that either a flame, or a 
photocell sighted at a flame, is capa 
ble of not only conducting an electri 
current, but of rectifying an alternat- 
ing current. 

The Protectoglo system can be 
interlocked with any needed combina 
tion of control devices and accessory 
equipment, such as excess-pressure, 
low-pressure and low-water safety 
cut-off, temperature control, alarms, 
signal light, etc. It can be used for 
single or multiple burner installations 
For further information circle No. 355 
on literature request card on p. 668A 
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363. Belts, Metal 
Bulletin 4°P illustrates and ciescribes complete 
line of wire 


belts for industry. Ashworth Brothers, 
ne. 


engineer sriect the type and 
size of thermostatic bimetal element best suited 
$93 Sgnatmnecaipane device. W. 

a. 


365. Blackening Process 
New bulletin eae and descri 
blackening process for steel, copper. 
sinc parte. Enthone, Inc. 


366. Blast Cleaning 
There is a Pangborn rotoblast table, barrel. or 


to bring you amazing savings. 
Write for bulletin 214. Pangbora Corp. 


367. Castings 

Very attractive, well Mlustrated booklet on 
“Modern Metallurgy for the Industrial User of 
Iron and Steel Castings’. HantSpiller Mfg. Corp. 


368. Castings 
Two bookiets: One. entitled “Engineering Prop- 
erties and Applications of Ni-Resist™. includes 
data on Ni-Resist and cast iron under 
400 different corrosive conditions, The other, 
“Buyers Guide fcr Ni-Resist Castings”, lists 
ucers of these superior castings. /nier 
teckel Co. 


369. Castings 

Bulletin FC-350 outlines the many advantages 
of im Fahrive corrosion-resistant castings. 
Ohio Foundry Co. 


370. Castings, Alloy 


r alloy type 
numbers, plong wih comparative jons of 
AISI, SAE, ASTM. etc. In addition, - 
ties of alloys at room temperature 
temperatures and discusses their 
Cooper Alloy Foumiry Co. 


371. Castings, Precision 

4-page leaflet discusses metallurgical and order- 
ing service available to help in ordering invest ment 
castings. Engincered Precision Casting Co. 


372. Cast Lrons 

“Production of Nodular Cast Irons with Cerium™ 
gives details of actual practice in adding cerium 
to the foundry melt as developed by the British 
Cast Iron Research Associetion. First release in 
America. Cerium Metals Corp. 


373. Cerium Metal 

New bulletin describes how GCC Mischmetal 
added in snail quantities to many ferrous and 
nonferrous metals pr Iurgical and 
mechanical properties of end products. General 
Cerium Co 








WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 











391. Heat Treating 


Preseed steel light sheet alloy heat 
uolte Turina In any sie. enig  epecicaton, 
pm tng full information on 





@ If mailed from countries outside the United States, proper 
amount of postage stamps must be affixed for returning card 
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BUSINESS REPLY CARD 


Postage Stamp Necessary If Mailed Im the lL mited States 











4c POSTAGE WILL BE PAID BY — 


METAL PROGRESS 
7301 Euclid Avenue 
CLEVELAND 3, OHIO 








WHAT'S NEW 





rae oon how (DAG) colloidal 


toctel leveling separations. srt bs 


and new automatic triple-chi 
sawing stock op to 6 in. eavenmely withond 
Write for details on company letterhead. Motch 
Merryweather Co. 





422. Testing Equipment 
Bulletin 261-A contains a list of supple- 
mentary devices for adapting basic hi 
@ If mailed from countries outside the United States, proper 423. Tooletecls ainhian 
amount of postage stamps must be affixed for returning card for better ction dearibed. in booklets 
". Jones & Laughlin Sted Corp. 
424. Ti Baskets 
METAL PROGRESS Bulletin $01 Mustrates and describes the heat 
and i ‘ di manufactured for 
7301 Euclid Avenue, Cleveland 3, Ohio special heat treating jobs. Alloy Engineering Co. 
425. Tubin 


New booklet, 
Please have literature circled at the left sent to me Tubing”, o> ae 
5 increase style and pract: of products 
with Ostuco tubing. Ohio Seamless ube Co. 
Neme Title 426. Turbines 
Bulleti Hable as follows: Data book 107, 
Gas Boosters 109, Four-Bearing 110, Blast Gates 
122, Foundry 112. Descriptive bulletin 127 and 
Company Technical bulletin 126. Send for each by number 
Spencer Turbine Co. 


Product: Manufactured Vacuum Metall 
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City end State 








yt om Dlustrated booklet 
employed today ‘and the — 
Students should write direct to manulecturers. TLaiaoe” 
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Postcard mast be mailed prior to August 1, 1950— 











Weather 


“NATIONAL” Ground Anodes control 
underground corrosion positively! 


Losses due to underground corrosion on They operate with a controllable electric 
pipe lines alone are estimated at $600,000,- circuit. In dry periods, simply raise the 
000 annually. Protect your buried or sub voltage. In wet periods, lower it. 
merged metal structures, positively and “National” ground anodes have been 
economically, by installing “National” used for more than 15 years. They outlast 
ground anodes. any other material. You don't have to dig 
Regardless of seasonal changes in soil them up every few years. For highest effi- 
resistance—regardiess of whether the soil ciency, pack “National” graphite backfill 
is wet or dry—“National” ground anodes material around each anode in the bed. 
afford perfect protection against corrosion. For complete details, write to Dept. MP. 





The terms National” and lvervads”™ 


hd - are registered (rade mares of 
MORE THAN DOUBLE THE USABLE LIGHT! NATIONAL CARBON DIVISION 
UNION CARBIDE AND CARBON CORPORATION 
Ww) Hast 42ad Street, New York 17, N.Y 


Dalles 





The biggest mews since the invention of flash 
lights—the brand new “Eveready” No. 1050 
flashlight battery—gives more than double the District Sales Ofhces 
usable brilliant white light for critical uses than Kansas City, New York 
any other flashlight battery we have ever made Foreign Department: New York, U.S.A. 
These products sold in Canada by 


NO METAL CAN TO LEAK OR CORRODE 
National Carbon Limited, 1 erento 4 


Atlenta, Chiceao 
Vutsbergh, Sea brancteco 
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KEMP ATMOSPHERE GENERATORS 


END MIXTURE PROBLEMS. PRODUCE SAME 
ANALYSIS GAS REGARDLESS OF DEMAND... 
HAVE EXCLUSIVE SINGLE AIR-GAS CONTROL ! 


You need clear inert gas for “DX” and 
similar operations! Here’s how Kemp 
Atmosphere Generators your 
problems once and for all! One single 
knobd sets the air-gas mixture accurately, 
permanently. No matter what the de 
mand, you get the same analysis inert 
gas from 1°) to 100°, of capacity. With 
Kemp there is no need for tinkering! 


solve 


ABSOLUTELY DEPENDABLE 


Kemp Generators burn ordinary gas 
just as it comes from the mains. A 
famous Kemp Carburetor, part of each 
installation, assures complete combus 
tion .. . producing a clean, chemically 


hKM p ATMOSPHERE GAS GENERATORS 
THE C. M. KEMP MFG. CO., Dept. D-5, 
405 E. Oliver St., Baltimore 2, Md. 


OF BALTIMORE 


CARBURETORS 

BURNERS 

FIRE CHECKS 

ATMOSPHERE GENERATORS 
ADSORPTIVE DRYERS 
METAL MELTING UNITS 
SINGEING EQUIPMENT 
SPECIAL EQUIPMENT 


rccccccco 


Gentiomen: Send me information. Also, show me how 
' much we can seve on inerts. We now spend 


inert gas containing 88°), nitrogen 
12° CO, ... a gas so pure it is used 
without further processing in the manu- 
facture of aspirin and laboratory 
chemicals, fine paints and a host of 
other products 


SEND FOR PROOF! 


Whether you need inerts for purging, 
fire protection, DX, 
any steel process . 

For technical 
special bulletin 
you can benefit 


blanketing or 
. specify Kemp 
information write for 
To find out how much 
tell us how you pro- 
duce inerts now; we'll show you how 
Kemp can solve your problem! Mail 
coupon today! 


! 
I 
! 
! 
1 
! 
! 
| 
I 
! 
! 
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Melting and Casting 
of Nickel Silver 


(Starts on p. 650) 
water-cooled molds through a run- 
ner box. The pouring stream must 
be kept short, smooth, and 
running, so that no breaking of the 
oxide film occurs. In this particu- 
lar case a flaming dressing is used 
and a fine crystal structure is ob- 
tained, suitable for hot rolling. 
Temperature control is important, 
50° F. being a reasonable limit for 
ingots for hot rolling. A wider limit 
is permissible for smaller shapes. 
After the first metal has entered the 
mold a slight oscillation is given 
to the ladle to avoid local hot spots. 
Casting temperatures are given for 
brass strip ingots with copper con- 
tent between 63 and 80% for both 
chill iron and water-cooled molds: 


slow 


Chill 
Iron 


Water- 

Cooled 
Molds Molds 

80% Cu 2150° F. 2100° F 

70 2050 1975 

67 1975 1850 

63 1940 1885 


In reply to questions raised dur- 
ing the discussion, the authors em- 
phasize the benefit of iron addition 
to a 60-40 brass for hot working 
purposes, as an offset to increasing 
amounts of lead. A method is de- 
scribed for shutting down a low- 
frequency furnace. The grain 
refinement effect of flaming dress 
ings is ascribed to the turbulence 
produced, while the large grain size 
obtained with the nonflaming type 
may be attributable in part to the 
insulating effect of the dressing. 

Sixth and last paper of the sym 
posium was “The Melting and Cast 
ing of Nickel Silver at the Works of 
Messrs. Henry Wiggin and Co., 
Ltd.”, by E. J. Bradbury and P. G. 
Turner (18 pages, 4 plates, no ref- 
erences). The paper deals with the 
company’s operations 1929. 
Methods of meeting the unusual de 
mands of the war are described. 
Among the final products for which 
the wrought forms are 
forks, hollow ware, tele- 
phone contact springs, decorative 
architectural work and as a basis 
for silver plate. The melting proc- 
esses for all nickel silvers are prac- 
tically identical, the only variations 
being in casting temperature and 
ingot shape. 

In general the methods used 
would be considered out-of-date by 
American operators. For instance, 
electric furnaces are not employed, 

(Continued on p. 672) 


since 


used are 
spoons, 








..f0 increase production per unit and per man” 


“It must happen in a lot of shops. When a variety 
of metal working and metal cutting operations are 
nvolved, it’s easy for the lubrication guides and 
the metal cutting requirements to get out of date 
In our case, the outmoded requirements resulted 
in serious curtailment of per unit and per man 
pr xluction 

We experimented quite a lot on our own but 
finally called in a Cities Service Lubrication Engi 
neer. In an amazingly short time he diagnosed our 


trouble. Then he set up an air tight schedule. It 


CITIES 


| 
SERVICE siete. oxrensie 


PRooucTs 


was easy to follow. It cost no more and the pro 
duction results were immediate. This man knew 
his business. Our new production figures are defi 
nitely something to brag about.” 

Why not let a Cities Service Lubrication Engi 
neer look over your operation. His service is fre 
and the products he recommends are —absolutels 

the best available on the market today. Get in 
touch with the Cities Service representative near 
est you for lubrication advice and recommenda- 


tions —or mail coupon below 


Crrtes Seavick Or COMPANY 
sixty owe oom 583 
Fact-filled x Wall Tower, Roor s 
New Booklet New York 5, New York 
For the Metal Please send me without obligation your pew 
Machining industry booklet entitled “Metal Cutting Plaids.” 


\ atin 

Company 

Address 
- City 
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continues to 


SET NEW RECORDS 


OF PERFORMANCE AND SAVINGS 


EXAMPLE OF DOW HEAT TREATING EFFICIENCY AT WARNER GEAR DIV. 
Heat Treatment: .020’-.022" effective case, Carbonitrided 1600°F, Oil 
Quench, File Hard 
Load: 2000 Rocker Shafts bulk loaded 12” deep, 1200-Ibs net—1500-Ibs gross 
Heating Time: 55 minutes Total Furnace Time: 3 hours 15 minutes 
Net Production: 370-Ibs per hour 


With only a fraction of the operator's time 
required at the furnace for loading work con- 
tainers, charging the furnace and quenching 
the load, substantial savings in direct labor are 
realized. Consistent uniformity of hardness and 
case depth, freedom from salt film, scale and 
decarb, and reduced distortion improve quality 
and lower cleaning, straightening and inspec- 
tion costs. This is only one of many case his- 
tories demonstrating savings which have amor- 


tized Dow Furnaces in a few months! 


DOW FURNACE OFFERS 


@ Gas cyaniding for 4 to “ the cost of liquid cyaniding 
@ Uniformity of light case depths throughout load 


@ Unmatched versatility gas cyaniding, gos carburiz- 
ing, cleon hardening or carbon restoration 

@ Improved quality. Forced, uniform quenching gives full 
hardness, reduced distortion. 

@ Maximum capacity with minimum investment and floor 
space 


FIRST 
WITH MECHANIZED BATCH-TYPE 
CONTROLLED ATMOSPHERE FURNACES 


Maccabees Bldg. + Detroit 2, Michigan 
TEmple 1-3553 
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Melting and Casting 
of Nickel Silver 


(Starts on p. 650) 
and no pyrometers are used to take 
the temperature of the metal as 
poured. 

A cost figure for a 50-lb. water- 
cooled mold indicates how the 
prices for such equipment have 
risen in England in ten years. In 
1936 the cost was £65 and in 1947 
for the same mold, £230. 

Despite the large percentage of 
zine in the alloys it was found ad- 
vantageous to “deoxidize” the melt 
before casting. To do this 1 oz. of 
manganese and % oz. of phosphor 
copper was added to each 50 Ib. of 
nickel silver. The phosphor copper 
prevented cracking of the sheet and 
strip for spinning and pressing 
applications. 

In the discussion it was stated 
that carbon is picked up more read 
ily from silicon carbide crucibles 
than from graphite. The question 
was asked: Why was the zinc 
charged at the same time as the 
other metals? It was stated that this 
practice does not lead to increased 
loss of zine and that the authors 
believe that the practice inhibits 
the tendency of the virgin nickel to 
pick up carbon in the early stages 
of melting. It also gives quicker 
melting, owing to faster alloying. 
The manganese addition checks any 
tendency toward graphite formation 
and also keeps down the sulphur 
content. Phosphor copper prevents 
“fire-cracking” by enclosing the 
lead globules in an envelope of 
phosphor copper, which remains 
intact up to about 1650° F. and so 
prevents intergranular penetration 
of lead. 

Soro Process In the general 
discussion, Dr. R. Genders referred 
to the Soro process used on the 
Continent. This consists in casting 
centrifugally a ring of nonferrous 
metal such as bearing bronze, 39 in. 
in diameter, having the section of 
the bar that it is desired to make. 
The molten alloy is poured down 
a spout leading into a revolving 
ring-shaped divided mold. The cast 
ring, resembling a thick hoop, is 
extracted when the mold is parted. 
The ring is then cut and straight- 
ened out to form a bar 10 ft. long 
Being cast centrifugally the struc 
ture is very fine and free from slag 
and nonmetallic inclusions. It is 
either drawn and used for machin 
ing or cut into lengths for forging. 
The original plant is understood to 
be producing 1000 tons a year. 





Weld Sheet Steel 
with the 
HELIARC torch 


Trode-Mark 


AS WELDED — This photograph, unretouched and natural siz, 
shows that Hewianc welds in sheet steel are clean and uniform, 


Phere is no spatter or flux, so you save cleaning costs when 
you switch to the Hetiarc process for welding sheet steel 
And you keep the advantages of high speed, and minimum 
distortion that are characteristic of are welding. Any manual 
arc or gas welding operator finds welding with a Hetianc 
torch easy to master. 

Porosity -free welds in killed low-carbon steel up to ', in. 
thick can be made with this process. In non-killed grades, 
welds are as nearly gas free as can be produced by any welding 
process. Argon-shielding prevents pick-up of atmospheric 
gases, No argon is dissolved in the weld. 

Joints welded with the Hewiarc torch will not show under 


paint, lacquer, or even vitreous enamel finish. 11 takes only 


a light grinding to remove the low, smooth ripple and make 


the bead flush with the surface. 
Get more information on this fast, clean, welding process 
from any Linpe office. Let us show you how it can improve 


your product and cut your costs. Just fill in the coupon. 


The terms “Linde” and “Heliare™ are registered trade-marks 
of The Linde Air Products Company 


THE LINDE AIR PRODUCTS COMPANY 
30 East 42nd Street, New York 17, N. Y. 
(or your nearest LINDE office) 
Gentiemen: We would like more information on welding sheet 
steel with the Heuarc torch. We manufacture 
Produdt 
from ..... oa of 


Meteo Ther une vs 


We are lare not } now using inert gas-shielded welding 
Nome. . oe . » «Position. 
Company 


Ce ex 
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Write for further infor- 
mation on these Pot Har- 
dening Furnacesand 
other kinds of heat-treat- 
ing equipment 


MUustrated — No. 340 Pot 
Furnace with hood. Pot 
20° dia. = 20° deep, one 
of 12 standard sizes. 


IMPROVED POT HARDENING FURNACES 


These furnaces are regularly supplied for use with lead, cyanide, 
neutral salt, or a carburizing salt as the heating medium. 


Lower gas consumption, more uniform heating, faster heating, and 
simpler control are achieved by numerous improvements in design and 
construction. 


A range of twelve standard sizes is available, the smallest furnace 
having a pot 6” dia. x 10” deep, and the largest 24” dia. x 30” deep. 


AMERICAN GAS FURNACE CO. 


1002 Lafayette Street Elizabeth 4, N. J. 











News about 
~The Production of 
NODULAR CAST IRONS 


with = ff WA = 


New booklet describes in detail 


uctual foundry methuds as practiced 
by members of the British Cast Iron 


Research Association 


‘~ 
.— For the first time. available in the 


United States 


| Sent upon request 


CERIUM METALS Corporation 
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Oxidation of Mo 


(Starts on p. 629) 
shown in Fig. 2 would have to be 
substantiated by experiments at 
more closely spaced temperature 
intervals. 

In relation to the problem of 
increasing the oxidation resistance 
of molybdenum by alloying, the 
above results indicate that such 
resistance would be attainable only 
by replacing the porous, fusible, 
highly volatile oxide (MoO.,) formed 
on heating pure molybdenum by 
a refractory, nonvolatile, and more 
compact oxide scale. This might be 
secured by replacing MoO, entirely 
by one consisting of, for example, 
Cr,0,, Al,O,, SiO,, BeO, or MgO, 
formed by oxidizing the alloy of 
molybdenum with the respective 
metal. In general, however, it is 
necessary that such alloying ele- 
ments be retained in solid solution 
in the original or basis metal in 
order to exert an appreciable pro- 
tective effect, and further that fairly 
large amounts of such elements be 
present — on the order of 5 to 25%. 
Since molybdenum has.only a slight 
solubility for most of the metals 
which form refractory oxides, it is 
probable that satisfactory results 
can be obtained only by the use 
of a number of these metals in 
combination. ) 


Correspondence 


CAMBRIDGE, MAss. 
This unusual flower, tentatively 
termed narcissus oxvidoxra, was 
grown in one day from a seed 
(16 Cr—25 Ni-—6 Mo alloy) in a suit 
able environment (air at 1900° F.) 
at M.I.T. Petals are spinel type 
ANTON DESALES BrasuNAS 
Department of Metallurgy 
Massachusetts Inst. of Technology 
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von troller 


Electron 


Electric Controller 
Indicating Controller 


Flectronth 


Single Record 
lectric Controller 
Controller 


Multi-Record Strip Chart Controller 


Tus newest Brown Temperature Controller offers all of the outstanding advan- 
tages of the ElectroniK Potentiometer . . . for multiple record keeping, with single 
or multi-point control, of mercury switch or proportional type. 


Your local Honeywell engineer can help you with your selection ...an unbiased 


selection from a completely integrated series of controllers designed to meet any 
allied tied temperature need. Call him in, today . . 


ANC mre 


. he is as near as your phone! 


Minneapouis-Honeyweit Recurator Co., Industrial Division, 4503 Wayne Ave., 
Philadelphia 44, Pa. Offices in more than 80 principal cities of the United States, 
Canada and throughout the world. 


Honevwell 
> 
BROWN INSTRUMENTS 
FOR METAL PROCESSING 
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IN THIS LABORATORY 


ARE STANDARD 
PRODUCTION 
EQUIPMENT ? 


IN OUR LABORATORY 


YES,WHATEVER PROCEDURE 
WE ESTABLISH HERE CAN 
BE DUPLICATED IN YOUR 
PLANT ONA 
PRODUCTION BASIS - 












Samples of your work are run in our Laboratory. 


This establishes a KNOWN, SATISFACTORY heat-treating method 
on PRODUCTION EQUIPMENT, assuring that you can duplicate the 
results in your own plant. 


The Hayes Laboratory is a new building 
entirely seporate from ovr main plant. 


Before you purchase furnace equipment, you want 
COMPLETE ASSURANCE of results. In our labora- 
tory, without cost or obligation, we work out 
procedures on standard “Certain Curtain” equip- 
ment. We pre-prove to you with your own 
samples what you can accomplish in your own 
plant. There is no “hopped up” equipment here, 
no staged performances. We guarantee that what we do here can be 
duplicated in your plant — and we furnish the In-plant Service that 
guarantees that it will be duplicated. You know that the manufacturer 
who takes advantage of a superior product and good service will hold 
his own against competition. Here is your opportunity to acquire the 
world’s finest heat-treating equipment on a practical “insured” basis! 





CARBO -NITRIDING HARDENING ATMOSPHERE GENERATOR 


OES a we ge Ph aM DY Vitter 




















Hayes IN-PLANT SERVICE assures duplication 
of the laboratory results. 


In the purchase price of your Hayes equipment is included free 
start-up service by a competent engineer who is familiar with the 
procedure already proven successful on your work. This in-plant 
Service is your positive assurance of satisfaction. Furthermore, our 
man imparts to your staff the necessary understanding for economical 
operation and for maintaining the equipment for maximum life. 
Hayes “Certain Curtain” furnaces and atmosphere generators are 
built the finest we know how, for great durability, and to give you 
“Quality in Quantity” in your heat treating. Not only at the start-up 
period, but at all times through the years you will find a gratifying 
emphasis on prompt, competent service. We ourselves know that this 
is a major reason why Hayes are known as the world’s finest con- 
trolled-atmosphere furnaces. 


Because we were pioneer designers and builders of controlled- 
atmosphere electric furnaces, our service men have had an unparal- 
leled opportunity to gain experience in adapting our equipment to 
solving customers’ problems. When you call on Carl Paulson, Dick 
Elliott, Bill Diman, Mo Jones, for service, you are tapping an abso- 
lutely unique service of controlled-atmosphere heat treating 
experience, backed by laboratory facilities and 
engineering know-how representing the longest ex- 
perience in the business. 
Truly, C. |. Hayes Inc. offers you, in this combina- 
tion of product and service, “Insured” Heat Treating! 
Why not buy the best first? 


CARL G. PAULSON, 


Service Manager 


IN YOUR PLANT 


——_- -___-—______———. 
MY WORK IS EVERY BIT Ff] THAT'S OKAY, “IN-PLANT § 
AS GOOD AS THAT DONE SERVICE” IS PART OF OUR 
IN YOUR LABORATORY, CONTRACT AND MY JOB 1S 
THANKS TO YOUR TO SEE THAT YOU GET 
COACHING — (| THE RESULTS game 
YOU EXPECY- =a 


; 


ae 
J 
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Better Paint Jobs 

e Better Electroplating 

¢ Better Finishing 
Better Products 


Slash finishing costs to rock- 
bottom in your plant! Amazing 
Pangborn Hydro-Finish cleans far 
faster than hand methods, yet 
holds tolerances to .0001''! Hydro- 
Finish cannot harm your product's 
sharp edges or corners, forms a 
perfect “tooth” for non-peel elec- 
troplating, finishing or painting. 


Hydro-Finish makes threaded 
pieces turn easily .. . forms millions 
of little “oil pockets”’ in lubricated 
pieces to prolong product life. 
Fatigue failure is reduced because 
Hydro-Finish removes or blends 
grinding lines, etc! 


Hydro-Finish is also valuable in 
your tool room-—-cleans production 
tools and dies in a fraction of the 
time needed for expensive hand 
cleaning 


WRITE TODAY for Bulletin 1400. 
Contains full facts on Pangborn 
Hydro-Finish and Pangbornite 
Abrasive. For your free copy, 
address: PANGBORN CORPORATION, 
1204 Pangborn Bivd., 
town, Maryland 


ngborn 


BLAST CLEANS CHEAPER 
with the right equipment 
for every job 


Hagers- 





Swedish Toolsteels 


(Starts on p. 643) 

being. Consumers suggested that 
some sort of hardenability test 
should be included in the standard 
specification. It was argued that 
especially for carbon steel the com- 
position specification alone might 
not be sufficient to insure uniform 
results in heat treating. An indica- 
tion of hardness penetration was 
given for the three carbon steels 
standardized, but this was not made 
compulsory, especially as no simple 
and decisive hardenability test 
could be agreed on for carbon steel. 

in some cases two steels with 
similar properties and intended for 
the same purpose have been stand- 
ardized. Thus steels 2092 and 2140 
are both oil hardening, low-alloy, 
“nonshrinking” steels. They are so 
extensively used in Sweden that the 
adoption of both as standard grades 
seemed justified. Steel 2092 is some 
times preferred where especially 
good wearing qualities and keen- 
ness of edge are desired, but it is 
somewhat less easily machined than 
steel 2140 in the annealed condition. 

Similarly the two steels 2310 and 
2312 are similar high-alloy types. 
For certain purposes where tough- 
ness is especially desired, steel 2310 
has proved superior, but 2312 is the 
most widely used. 

Steel 2260, of a type fairly 
widely used in the United States, 
is now becoming increasingly 
adopted in Sweden. It is interme- 
diate as regards properties, costs 
and uses between the low and high- 
alloy types mentioned above. 

Steels 2700 and 2705 both have 
rather varied applications. Steel 
2700 is much used on the home 
market, but steel 2705 with its 
greater hardenability is a more in- 
ternational type and it seemed nec- 
essary to standardize both steels. 

It was pointed out from several 
quarters that the Swedish work- 
shops ought to be able to get along 
with fewer than four high speed 
steels, but all four types now stand- 
ardized are regularly used. 

It should be emphasized that the 
specifications are not to be consid- 
ered irrevocably settled for all fu- 
ture time, but must be successively 
modified according to technical 
developments. The standardization 
does not prevent Swedish industry 
from producing, selling, testing and 
using nonstandardized grades of 
toolsteel and the standardization 
will not impair the competition 
necessary to stimulate development 
of new and better grades. 8 
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Tempilstiks 


A simple method of 
controlling temper- 
atures in: 


© WELDING 

© FLAME-CUTTING 

© TEMPERING 

© FORGING 

© CASTING 

* MOLDING 

* DRAWING 

© STRAIGHTENING 

© HEAT-TREATING 
IN GENERAL 


it's this simple: Select the 
Tempilstik® for the working 
temperature you wont. Mork 
your workpiece with it. When 
the Tempilstik® mark melts, 
the specified temperature hos 
been reoched. 


gives up 





Available in these temperatures ( F) 





113 | 263 | 400 950 1500 
125 | 275 | 450 1000 1550 
138 288 500 1050 1600 
150 | 300 550 1100 1650 
oe 313 | 600 | 1150 | 1700 
isa | 223 | 650 1200 1750 
200 | 338 | 700 1250 1800 
213 | 350 | 750 1300 1850 
225 | 363 | 800 1350 1900 
238 | 375 | 850 1400 1950 
250 | 388 | 900 1450 2000 


FREE —Tempil® “Basic Guide 
to Ferrous Metallurgy” 
— 16%” by 21” plastic-laminated wall 
chart in color. Send for sample pellets, 
stating temperature of interest to you. 


GORDON. 
SERVICE 


CLAUD S. GORDON CO. 


Specialists for 36 Years in the Heat Treating 
and Temperature Control Fie 

Dept. 15 « 2008 South Wallase St. Calsage $0, 5S 

Dept 15 © 2035 Hamilton Ave. Cleveland 14, Ohie 
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Many folks who ask for advice 
really only seek approval. 


The main difference between the 
atom bomb and the H-bomb is 
that the latter will kill a lot more 
people. The “civilized” world 
has gone insane on bombs. They 
may have helped win the last 
war, but they never settled any 
of the issues, and may even 
cause another war. We hope the 
much publicized H-bomb will be 
a complete dud! 


Secret of “creosote” flavor of 
Scotch is revealed in the April 
“LINE.” And one reader tells 
us that “it is common knowledge 
that Scots expectorate and shut 
their eyes before drinking theirs 
straight, to avoid diluting it 
with any moisture or from cry- 
ing into it when they think of 
the price.” 


CHAIRMAN OF THE BOARD. 


Annealing Precious Metals 


A new salt bath, which eliminates “fire’ 
oxidation 


deposits on silver, gold, cop 
per or brass being annealed, was de 
scribed in the January “LINE.” If you have 
such a problem, ask about Liguid Heat 
1185 


Sleeves in Salt 


Cylinder sleeves and piston rings are iso 
thermally heat treated in salt by a Cleve 
land manufacturer, at a saving reported 
to be as high as 15% over other methods 
The mechanized series of salt baths in 
cludes a preheat in our Liguid Heat 980, 
high heat (1550 F.) in Liquid Heat 168 
and quench in Mar-Temp Salt at 450 
500° F. It's a faster, surer, modern method 
of heat treating which avoids distortion. 
Entire cycle is described in a recent 
“LINE” article, available on request 


+ change of cutting fluid used for 
he above clamp, all this wes eccom 
vighter screws, 15% greater produc 
longer tool life. The coolant: Antisep 
Base, mixe 1:25 with weter. Costs 


7¢ A PART SAVED! 


Hot Oil Quench Enables Finish 
Grind Before Heat Treating 


Evidence piles up that there are many 
cost-cutting possibilities in the use of 
Houghton's MAR-TEMP Oil. Witness 
this experience of an automotive manu 
facturer: 

There was heat treating trouble with a 
forging used as a contro! sleeve for a free 
wheeling mechaniem. The treatment was 
changed to a cyanide bath at 1550° F., 
followed by a Mar-Temp Oil quench at 
300° F. Dimensions hold accurately! This 
enables parts to be finish ground before 
heat treatment. And, the saving is 7¢ a 
part! 

Martempering is today an accepted form 
of quenching to avoid distortion and 
cracking. It has proved a real boon to 
firms who had trouble holding parts 
within close dimensional tolerances. Be 
fore development of a stable hot oil, 
molten salt was the only martempering 
medium, being used at temperatures above 
400° F. Houghton supplies a special salt 
for this purpose. 


But, for the many firms who need a hot 
quench but do not have enough work to 
warrant special furnace set-ups, or who 
do not require the higher temperature 
quench, we developed this special oil, It 
is stable and long-lived at temperatures up 
to 350° F. Like the manufacturer cited 
above, many users have found it econom 
ical and entirely satisfactory for long 
periods of time. 

Others may be able to effect these same 
economies; write for complete data. 





How to Lubricate Hot Spots 


24% of the time in an oven 

at 500° F never out of 

service for over two years 

. still running free. That's 

the report from a porcelain 

manufacturer on a conveyor 

trolley regularly lubricated 

with Houghton’s H:- Temp 

Oil No, 227. Hi-Temp Oils 

warrant a trial for any “hot-spot” lubri 

cation problem of yours. Information on 
them is quickly available 


Cleaning Problem Solved 


A cleaner is good when it will remove a 
thick, tarry coating from nuts and bolts 
So concluded a manufacturer who bought 
a carload of dirty parts from govern 
ment surplus. The tar wouldn't come off 
in an alkaline bath. Nor did a steam 
blast help. But the job was done with 
HOUGHTO-CLEAN 220, our emulsion 
type cleaner. And, perfectly’! Write for 
Data Sheet and prices 


Costs Tumble 


Cleaning of metal parts in tumbling bar 
rels, formerly done with alkaline cleaners, 
is now being done by a Houghton customer 
at much lower cost, using our Cerfak 
synthetic detergent. Two gallons of this 
non-ionic detergent are mixed with 50 
gallons of water to make up a stock solu 
tion. Each tumbling barrel requires about 
one quart of this solution plus a pound of 
TSP. Work is tumbled $ minutes then 
rinsed in the barrel. Result: Clean parts 
at a cost of 9 cents as compared to 42.5 
cents by former method. Meta! plants can 
not afford to overlook possibilities of syn 
thetic detergents for cleaning 


Safeguards Against Rust 


Out of Houghton'’s Research Laboratories 
—a real proving ground for metal working 
supplies—has come a new series of rust 
preventives. Eleven proven safeguards are 
described in a new bulletin titled “An 
All-Star Series.” Let us know if you want 
a copy. 

If you hunt or fish, we have a free half 
pint sample of Cosmoline FR for you. It 
is an approved lubricant and rust pre 
ventive for fishing reels and guns, Ask for 
it on your business letterhead—Dept. MP 
And while you're about it, tell us which 
of the following is — 


1. HYDRO-DRIVE HYDRAULIC OILS 
Listing the physical requirements of oils 
used for hydraulic purposes, and demon 
strating the advantages of improved re 
sistance to high pressures, heat, moisture 
and agitation 
2. LIQUID CARBURIZERS—description 
and working ranges of PERLITON car 
burizing salts 
3.DRAWING COMPOUNDS BY 
HOUGHTON—a folder that can put you 
on the road to saving money on drawing 
operations 
4.°HOT SPOT” LUBRICATION—All 
about HI-TEMP Oils, mould lubricants, 
etc 
5. HOUGHTO-SOLV-—Fuel Oil additive 
that takes sludge into solution, makes 
messy, costly tank cleaning unnecessary 
6-page folder 


E. F. HOUGHTON & Co. 


303 W. LEHIGH AVE. 
PHILADELPHIA 33, PA. 











Tumbling for 
Low-Cost Finishing 


(Starts on p. 625) 
Wet tumbling may be divided 
into the following categories: 


1. Coarse cutting, deburring or 
grinding with a medium to remove 
heavy burrs and excess metal on 
rough sand castings 

2. Normal! cutting or polishing 
a starting process for poor stamp- 
A |B ° l D ings and semismooth castings, or 

Ltt e oes a ot where surface conditions are such 
that they do not require coarse cut- 
ting. Using a medium, it removes 
GCC CERIUM METAL (Mischmeta!) light burrs, sharp edges and corners, 

: ‘< and surface irregularities 
added in small quantities to many Fer- 3. Cleaning: washing with the 
p medium and a compound to remove 
rous and Non-Ferrous Metals improves residual abrasives 
: y 4. Ball burnishing or coloring, 
the metallurgical and mechanical proper- using steel balls or shapes and com- 
a pound for surface refinement to 
ties of the end products. obtain a high luster 


For simple deburring where 

‘ " appearance is secondary, the wet 
Discover how a little does a lot by process is likely to be more eco- 
writing for our informative bulletins. nomical because coarser abrasives 
can be used, with faster cutting 
action. The disadvantage, however, 


G Cc CPA Pa DMO ARUN MMGOMME | tic carkeniny oF the metal, which 
ces MEANT MET ASMA MM | iss ork finishes by dry tumblina 

Combinations of wet and dry 
operations may be effective in de- 














creasing the time cycle. On certair 
classes of work a mixed cycle may 
include wet grinding with dry cut 
ting down, followed by either dry 
or wet burnishing for final finish. 
Wet burnishing is normally used 
after wet or dry polishing to pro 
duce the highest luster. Combination 
processes are usually determined by 


“TANGENTI the equipment available and the 
AL . time cycle called for 

P : L For maximum output, the high 

FIRING” ; ; est speed possible without injury to 


parts should be used. Small tum 
THE fi blers can be operated at higher 


speeds than large, without danger 


DELAWARE CONTROLLED j to the parts. Dry tumbling must be 
slower than wet, in order to mini 
ATMOSPHERE FURNACE mize the harder impacts that are 


A caused by the absence of cushion 
features a unique tangen- ing liquid. 


tial firing principle. This Exact barrel speeds can be set 


method of heating assures: only by experience and trial. For 


‘ : Range, 1200°- 2800° F. barrels 18 in. and larger in diam 
1. Maximum uniformity of eter, peripheral speeds of 100 to 200 


temperature in all parts of the ft. per min. have been recommended 
muffle. Large parts call for low speeds; 
9. Accurate temperature small parts, higher speeds About 
enateel. 35 r.p.m. is average for small sub- 
3. Fast time in reaching op- 
erating temperatures. 








lescriptive Literature stantial pieces, while parts that can 
on Request stand a heavy throw will take 
speeds ranging from 40 to 70 r.p.m 


DELAWARE TOOL STEEL CORP. Large or fragile parts are limited 


Wilmington, Delaware to 30 r.pan. or less. Substantially 
(Continued on p. 682) 
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CENCO 


ELECTROANALYZER 





No. 26305 


A stainless stee! shell pulls out at each 
station for supporting the beeker. 


NOTE THESE 
EXCELLENT FEATURES — 


© Separate Controls 

e Air Agitation 

© Quick-change Electrode Holders 
e Built-in Rectifier 


gives quantitative meas 
sition of metals qu 
ets of tixed anode 
§s ceterminations 
ickly removed wit 
switch permits reading 


A maximur 


> applied 


A\ built-in rectifier converts 115 volt, 50/60 
cycle A.C. to D.C. with less then 42% A.C. 
tipple at full load. 


Write for Circular 1173 describing 
No. 26305 Cenco Electroanalyzer 








(NOS 


CENTRAL SCIENTIFIC COMPANY 


Sass te 
4 
a4 


Alloy Castings for the 
HEAT-TREATING INDUSTR 





Let ovr engineers and metallurgists 
enalyre the requirements 
of your heat ond corrosion 


problems. 
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NOW CARBONITRIDING cxother Lakeside FIRST 


CARBONITRIDE—GAS CARBURIZE—CLEAN 


WITH PRODUCTION LINE EFFICIENCY 
@ This furnace produces controlled case 
characteristics, bright and clean work on 
low carbon steel. Perhaps this step forward 
in making carbonitriding available on small 
metal parts in this territory will help you 
solve an old production problem. Why not 
call your Lakeside metallurgist today? 
"Approved Steel Treating Equipment by U. S 


HARDEN SMALL PARTS 


Our Services: 
Flectronic 
Flame 


Carbonitriding, 
Induction Hardening, 

ing, Heat Treating. 
Bar Stock Treating and Straight- 


ening a ’ 
Annealing, Stress Relieving, Nor- 
malizing, Pack, Gas or Liquid 
Carburizing, Nitriding, Speed 
pA rtatay A aes ‘ Ch 


izing, Cyaniding, Sand Blasting, 
Tensile and Bend Tests. 





Air Force—-Serial No. DE-S-24-1 through 30 


| [oleashe Head Neynovaniaal | 








@& sais LAKESIDE AVE, CLEVELAND 14, OHIO 


HENDERSON 19100 





if 


HARDNESS 1 


Flat and round bars, sheets, tubing and wire are tested on the 
spot without cutting off specimens. Punches, dies, cutters, saws and 
odd-shaped pieces are tested before and after heat treating. Used 
by metallurgists, inspectors and heat-treaters. Sizes for work 1” 
to 6” round and flat. Send for illustrated circular. 


Comes complete with anvils, penetrators, 
test blocks and carrying case. 
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Tumble Finishing 


(Starts on p. 625) 
higher speeds can be used if the 
parts are racked inside the barrel 
instead of being tumbled loose. 

Oblique barrels run at from 6 to 
40 r.p.m., the larger barrels running 
slowly and the smaller barrels 
faster. The average speed is 12 to 
20 r.p.m. 

Barrel speeds are so critical that 
some operators feel it wise not to 
use a variable-speed control because 
workmen are likely to change the 
speed to suit their own convenience 
or ideas. Adjustable speeds obtained 
by interchanging motor pulleys are 
recommended as inexpensive and 
foolproof, especially where there 
are long runs of similar pieces. 

Nicking, rough surfaces and other 
marring effects on the work can be 
reduced or eliminated by: 


1. Decreasing the speed of 
rotation 

2. Decreasing the ratio of parts 
to medium or carrier. 

3. Increasing the height of the 
load past the center of the barrel, 
thereby reducing the length of slide 
and force of impingement at the 
bottom. 

4. Decreasing the size 
medium. 

5. Decreasing the speed of 
rotation at start, with increase after 
sharp corners have acquired a slight 
radius. 

6. Increasing the volume of 
water to cushion load 

7. Increasing the volume of 
fine, mild abrasive in water up to 
load level to form a cushion and 
reduce direct contacts 

8. Increasing the care in load- 
ing; for instance, alternate layers 
of parts and medium, or center- 
loading 

9. Increasing the care in rinsing 
in the tumbler after all cushion and 
lubricant have been removed; for 
instance, by lower speeds 

10. Checking screen doors used 
for rinsing and also regular doors 
and covers which may have defects 
and thereby mar the work. Pro- 
truding edges or corners inside the 
barrel should be eliminated. 

11. Unloading by slides, chutes, 
baffles, canvas funnels, or other de- 
vices that will eliminate sharp falls 


of the 


A typical sequence of operations 
is as follows: 


1. Load mass and parts into the 
barrel 

2. Add the recommended amount 
of water and the specified com- 
pound 

3. Clamp the 
position. 

4. Start the cylinder rotating 
and allow parts to process for the 
requisite time 

5. Remove parts and mass from 
the machine. 

6. Separate parts from chips by 
screening 

(Continued on p. 686) 


loading doors in 





METALLURGICAL 
LABORATORY 


EQUIPMENT 


. provides the metallurgist with the most 
complete line of modern designed precision 
machines for specimen mounting and prepara- 
tion available anywhere in the world. This 
finely made equipment has been developed 
through a thorough understanding of the 
requirements of the metallurgist and a rigid 

insistance on perfection in the mechanical design 
and construction of each item. 


Operator using the new Model No. 1506 low speed pol- Everything needed for metallurgical een hare 

isher. Section of laboratory equipped with No. 1251 Duo cut-off machines, moulding presses, and grinders to 

Belt Sander—No. 1700 Electro Polisher—No. 1315 Press. the mechanical or electrolytic polishers is included 
in the Buehler line. 


In setting up complete laboratories or adding 
Tee sumOLee Lie OF SPECIMEN PREPARATION SQUIPMENT items to present equipment the metallurgists will 
OFF MACHINES @ SPECIMEN : : : : 
MOUNT PRESSES.» PrOEA Genres n CLMEN find in the Buehler line of coordinated equipment 
PAPER GRINDERS @ HAND GRINDERS everything needed for producing the best work, 
ERS @ POLISHING CLOTHS @ POLISHING ABRASIVES with speed and accuracy. 


Write for bulletin of new equipment or infor- 
mation on any specific item. We invite correspond- 


ence relative to setting up complete laboratories 
suitable for any particular requirement. 
Exclusive U.S agents for Amsler and Chevenard Testing Machines 
2 


A Paetweaiure 


METALLURGICAL APPARATUS 
165 WEST WACKER DRIVE, CHICAGO 1, tht. i 
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MR. TPR Sal. “Consistent, helpful product 


*Typical Metal Progress Reader 


advertising like this prompts 


ine to action!” 


@ Every month for twenty years Surface Combustion 
has been giving facts to MR. TMPR (pronounced 
Temper). Down-to-earth, well illustrated pages like 
this one keep the 21,000 Metals Engineers who read 
Metal Progress well acquainted with Surface furnaces 
and industrial burners. 


76% of these Metals Engineers have acted within one 
year on advertising they read in Metal Progress. 88% 
of them recommend, specify or purchase equipment, 
materials and supplies used by their companies. And 
96%, admit they are influenced by the advertising they 


vemric MUEFLE 


FURNACE 


read in Metal Progress. No wonder advertisers like 
Surface Combustion continue to use this publication 
year after year. 

If your products are used in the metal industry and 
if you want Metals Engineers to think of your products 


when they recommend, specify or buy, you too should 
advertise in Metal Progress. 


e Write us on your letterhead for a 
special report that gives the details of 
our most recent readership survey. 


Largest Engineering Circulation in 
the Metal Industry 


Basic in Metals Engineering 
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LO THE QUALITY NAMES IN ALLO et 


FOR HEAT. CORROSION ABRASION 





ep 


p sf ode er » 


Rupert, proud father of 10 new pups, is showing off to a new 
prospect. He invites comparison on the basis of performance 
and service rendered 


Mutts, even the most lovable, do not win contests. Thei: 
offspring is a gamble. No top racing contest has ever been won 
by a non-thorobred. Genes MUST come before Jockeys 

Breeding is a long, tedious, selective process requiring con- 
stant evaluation, keen judgment — time and EXPERIENCE. It 
attracts good minds with understanding and Idealists and Per- 
fectionists with PATIENCE and PERSEVERANCE 

In our 5 generations of work with animals (the heaviest 
herd of 100 cattle ever shown at the International Live Stock 
Exposition, or anywhere else, was a Harris herd, the record —a 
half century old, still stands we have found the same basic 
philosophy that activates our work in the alloying of metals 
and our selective evaluations of all conveying components from 
design through metallurgy to foundry techniques. A job for 
SPECIALISTS! 

We believe you will agree that “that which is truly Func- 
tional is truly Beautiful”. If you keep records of PERFORM- 
ANCE of your heat and corrosion-resistant alloys, you will 
quickly establish the winners. Select the entrants on the basis 
of Performance 

Accurate records are the most eloquent testimony. Recent 
U. S. Stock Car Record is 100.24 M.P.H. electrically clocked for 
% Mile Stock Jaguar over the same course 1222 MPH 
There'll always be new and better records. 

The point of this General Alloys Company advertisement 
is that purses can be made from sows’ ears, but you probably 
don’t want ‘em. Of course steel foundries philandering in the 
alloy business can make alloy castings,-— might even make a 
good one 

But in general the thinking buyers buy on the basis of 
antecedents, performance, engineering,-—- NOT FIRST COST 

KEEP YOUR OWN ALLOY RECORDS 
ACCURATELY—know your own operating 
costs—BUY ON THE RECORD! 


. , 
P.S. Research and Development on Alloy 
Castings which we are privileged to direct 
is progressing geometrically. 
: by the President of General Alloys Com 


and largest exclusive manufacturers of heat 
resistant alloys Boston, Mass. Offices in 











Check the Ductility 
OF 
Sheet Metal 
WITH THIS 
FAST 
SIMPLE 


Pressure is applied easily, 
automatically — up to 30,000 
pounds, with the entire test 
carried to completion with the 


as illustrated. 





TESTER 


operation of only one control knob. 


Highly sensitive, this sheet metal tester permits fine readings. 
Test is made in plain view of the operator at all times. Operating 
mechanisms are completely and attractively enclosed in casing, 


Let Us Send Descriptive Literature 


DETROIT TESTING MACHINE CO. 


9390 Grinnell Avenue 


Detroit 13, Michigan 











For Continuous 
Automatic Heating 
with Control of 
Heating Rate and 
Product Uniformity 


cee 


ROCKWELL Revolving Retort FURNACES 


Offer Many 


For annealing, hardening and drawing 
small ferrous or non-ferrous metal parts 
which may be slowly tumbled during 
slow helical progression through the 
retort, this Rockwell Furnace exposes 
all pieces at the same heating rate 
and time under controlled conditions 
of temperature and atmosphere. 


Work may be bulk fed from washing 
machines or hoppers and discharged 


Advantages 


into cooling, pickling, cleaning or other 
processing equipment, without manual 
handling — in minimum space and 
without interfering with other oper- 
ations. 


Furnaces may be gas or oil-fired or 
electric. Available in 4 standard sizes 
for 300, 800, 1500 and 1800 Ibs. of metal 
heated per hour. Special sizes to order. 


Write for Bulletin 424R. 


Of 
“<8 FURNACES + OVENS - SPECIAL MACHINERY 


w. Ss. 


204 ELIOT STREET 


te Conede frence Martin & Co. id 


ROCKWELL COMPANY 


° FAIRFIELD, CONN. 


Montreo! & Toronto 
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Tumble Finishing 


(Starts on p. 625) 
7. Dry parts and send to next 
operation. 


Tumbling time is highly variable. 
Deburring time may be from 15 
min, to 10 or 12 hr.; grinding time, 
from 8 to 48 hr.; polishing time, 15 
min. to 16 hr.; burnishing, from a 
few minutes for gold plate to sev- 
eral hours for steel. The average 
time to deburr machined or stamped 
steel, brass or aluminum parts has 
been stated as from 1 to 4 hr.; to 
finish a zinc-base die casting pre- 
paratory to electroplating with cop- 
per, bright nickel and chromium, 
6 to 8 hr. 

After barrel tumbling, parts 
should be well rinsed and dried as 
rapidly as possible by tumbling in 
sawdust or corn cobs, by centrifugal 
drying, or by oven. 

After each tumbling operation, 
the work must be rinsed well before 
proceeding to the next step, to 
remove the last traces of abrasive, 
compound and dirt. This is done 
by tumble flushing, filling the barrel 
with water, replacing the solid 
cover with a perforated cover and 
turning the barrel through a few 
revolutions while the water, com- 
pound and abrasive residues are 
discharged through the perforations. 
This operation should be repeated 
as many times as necessary. 

Cleanliness is most important. 
Each barrel should be used for 
only one of the various operations, 
cutting down, smoothing or clean- 
ing, polishing or burnishing. De- 
spite the most thorough cleaning, 
some abrasive or compound may 
adhere to the lining, and it will 
contaminate the next operation 
where a different abrasive or com- 
pound is used. 


Rack Tumbling 


Very large pieces or parts with 
complicated shapes, seemingly un- 
suitable for tumbling, can be racked 
or fixed in place in the barrel so 
that the abrasive and carrier cir- 
culate about them. The racks may 
be removable and, therefore, loaded 
and unloaded outside the barrel; or 
they may be anchored in place and 
loaded in the barrel. The former is 
preferable. Barrel motion should be 
reversible to insure treatment of all 
surfaces, recessed and otherwise. 
The barrel is loaded completely 
around the periphery. 

Racked work can be run at high 

(Continued on p. 688) 





Something New has been Added 
for Iron Foundry Use 
we 


IRON FOUNDRY 
FERRO VANADIUM 





ts a remark- 
ties with no 


The alloy is highly soluble, insuring complete 


diffusion. 
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“STRAIGHT-LINE”’ 
TEMPERATURE CONTROL 


with 


XAC]LINE 


= 
ee ELIMINATE 
e Overshooting 
Undershooting 
Are you going to continue to 
put up with that troublesome overshooting 
and undershooting inherent in your con- 
ventional pyrometer control — especially 
when it is so easy to eliminate that saw- 
tooth effect? 

Put XACTLINE in the control circuit. 
XACTLINE anticipates the temperature 
changes — before they occur. And too, 
it nullifies the varying amounts of thermal 
lag, residual heat, and mechanical lag — 
producing a short on-off cycle resulting 
in “Straight-Line’’ temperature control. 
This performance is possible because 
there is no dependence upon mechanical 
parts——XACTLINE operates electrically. 


cay Raat ir 
8 


rf 
| 
ah 
ij 
Pyrometer Only 


Exact reproduction of temperature chart for a heating 
process showing the comporison of the Straight 
line’ temperature contro! produced by XACTLINE 
ond the sawtooth curve obtained with only conven 
trenol contro! 


XACTLINE is applicable to any indicat- 
ing or recording pyrometer control of the 
millivoltmeter or potentiometer type. It 
should be used wherever close tempera 
ture control is required — any type of 
electrically heated oven, furnace, kiln, 
injection molding machine, and fuel-fired 
furnaces equipped with motor-operated 
or solenoid valves. 

XACTLINE is a complete unit. No ad 
justment or coordination with the control 
instrument is required regardless of the 
size of the furnace, length of the heating 
cycle, or size of the load. Installation is 
very simple — can be either flush or sur- 
face mounted. 


price $89.50 F.0.8. CHICAGO 
Nothing Else to Buy 


GORDON. 
SERVICE 


CLAUD S. GORDON CoO. 


Specialists for 36 Years in the Heot Treating 
and Temperoture Contro! Field 

Dept. 15 * 3000 South Wolloce St., Chicege 16, ti! 

Dept. 15 * 2035 Hemilten Ave., Cleveland 14, Ohie 





Tumble Finishing 


(Starts on p. 625) 
speeds. Compound and carrier are 
loaded sufficiently to cover the 
parts when they are at the low 
point in the barrel. 


Specific Examples 


A specific example is a job on 
zine-base die castings in which a 
system with two basic schedules is 
used, one for deburring and rough 
finishing, the other for burnishing. 
For deburring, the barrel is loaded 
with 750 lb. of clean limestone 
chips, 8 lb. of compound, and 
approximately 1 cu.ft. of load. The 
chips are of a size that will not 
lodge in the openings and with all 
rough surfaces smoothed. The com- 
pound is mildly alkaline and non- 
abrasive. The chips are first loaded 
into the barrel and thoroughly 
rinsed to remove any of the pre- 
vious compound. The work load of 
die castings is dumped on top of 
the chips, after which the com- 
pound is added. If necessary, water 
is added and the barrel door 
clamped shut. After rotating for 5 
hr., a rough finish is obtained. The 
door is then opened and the foam 
washed out with a water spray. The 
water is drained by rotating the 
barrel halfway and then the entire 
load is tipped out. The load is 
screened to separate the chips from 
the work, the rough finished parts 
water rinsed and dipped in a water- 
soluble oil. 

If parts are to be burnished after 
deburring, they are left in the bar- 
rel with the chips after rough fin- 
ishing. The original compound is 
thoroughly flushed out with water 
and then 8 lb. of another compound 
added. The barrel is sealed shut 
and rotated for an additional 2 hr., 
giving a finer finish. 

The average load in this par- 
ticular installation is approximately 
2000 parts, deburred and rough fin- 
ished in 5 hr. and completely bur- 
nished in 7 hr. A single operator 
handles six barrels simultaneously. 

In another instance, working on 
small brass and bronze sand cast 
ings, efforts are first made to pro- 
vide as good an as-cast finish as 
possible in sand molds and by sub 
sequent blasting. Some castings may 
require grinding at partings to re- 
move unusual rough spots, but this 
is not commonly required. 

The first tumbling operation is 
done in unlined steel barrels about 

(Continued on p. 690) 
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HARDNESS T 
Better Enginecred 


for Better 
“Rockwell” Testing 


Medes C4 A 
$430.00 F O.B. Derreit 
Complete with diamond pesstrator 


For your “Rockwell” test- 
ing, you want an instru- 
ment that gives you results 
of unquestioned accuracy. 
Years of research have 
gone into making the CLARK 
Hardness Tester just such a 
precision instrument. 

The CLARK gives you accu- 
rate results for every pro- 
duction requirement. It is 
durably built to give you 
years of dependable serv- 
ice. It is fast and simple 
to operate; easy to main- 
tain. Compare the CLARK 
ond see for yourself how 
much more it has to offer. 


INSTRUMENT, INC. 


10200 Ford Road « Dearborn, Michigan 








Advantages of GLOBAR Heating Elements 
complement sound 


Furnace Design 


In designing this neat, compact and efficient combustion fur 
nace, Laboratory Equipment Corp. makes full use of the 
advantages provided by GLOBAR silicon carbide heating ele 
ments. These elements meet six very necessary requirements 


UNIFORM COMBUSTION TUBE TEMPERATURES — 


help maintain precise control over the material being tested 


WIDE TEMPERATURE RANGE~—10 handle a variety ot 


organic and inorganic materials 
FAST HEATING— ro facilitate rapid analysis 
LONG AND DEPENDABLE SERVICE— with no need 


to shut down the furnace when installing new elements 


5 CLEAN OPERATION— no noise, no dirt, no fumes 
6 SAFE OPERATION — no explosion or fire 


hazards 


Investigate the possible application of GLOBAR 
heating elements in your operation. For com 
plete information on installation and operating 
details of these elements, write Dept. X - 50 
The Carborundum Company, GLOBAR Divi 
sion, Niagara Falls, New York 


“E60” 2600 
COMBUSTION FURNACE 


Manufactured by the Laboratory Equipment 

Corp., St. Joseph, Michigan, this furnace is de 
signed for continuous duty at 2600°F and for short periods at 
higher temperatures. Other models are available tor lower 
temperature applications 


GLOBAR Heating Elements 


sy CARBORUNDUM 








“Carborundum” and “Globar” are registered trademarks which indicate manufacture by The Carborundum Company 
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To serve well, a machine 
part—even when made 
of good steel, properly 
treated—must be prop- 
erly designed. 

A new 72 page booklet, 
sent free on request, dis- 
cusses the vital relation 
between design, good 
steel and its satisfactory 


treatment. 


Climax Molybdenum Company 





Please send your 
FREE BOOKLET 
KEYS TO SATISFACTION 
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36 in. in diameter with conical ends, 
run about half full. The charge in- 
cludes three volumes of castings to 
four of special egg-shaped die-cast 
zinc alloy slugs, about % in. long 
and ™% in. in diameter. To this 
charge is added 200 lb. No. 26 
Albany sand containing about 15% 
clay and enough water to cover the 
charge. This operation takes from 
24 to 40 hr., depending on the size, 
shape and initial condition of the 
castings. Barrel speed is from 18 to 
26 r.p.m. 

At completion, the charge is 
dumped, the sand washed out and 
the barrel flushed. The charge is 
then screened to separate castings 
from slugs and the castings are 
rolled in dry hardwood sawdust in 
steam heated, open, oblique barrels 
for 5 to 10 min. to dry. 

After screening to remove saw- 
dust, the castings are loaded into 
octagonal, wood-lined, one-compart- 
ment barrels, 24 in. in diameter, 
revolving at 26 r.p.m. The charge 
consists of 4 parts by volume of 
vegetable ivory chips, 1 part cast- 
ings and 1 part hardwood sawdust, 
with about 8 oz. of medium-fine 
powdered silica. This operation is 
dry, continuing for 18 hr., at the 
end of which the scratches left by 
the sand in the prior wet tumble 
have been eliminated and the cast- 
ings have a “bright scour”. The 
charge is dumped and triple screened 
to separate the castings, the vege- 
table ivory chips and the sawdust. 

The final tumble is dry, in wood- 
lined barrels revolving at 26 r.p.m. 
The mix consists of % cu.ft. of 
castings, 3 cu.ft. of vegetable ivory 
chips, 2 cu.ft. of soft scrap leather 
clippings and 6 oz. of powdered 
nickel rouge. The castings emerge 
bright and ready for a wheel buff 
and color, a plate or an enamel 
finish. 

Cast-iron parts do not suffer 
significant changes in tumbling but 
burrs and sharp edges are elimi- 
nated. The charge used is 1 volume 
of parts to 4 volumes of tumbling 
chips in 24-in. wood-lined barrels 
about half full, with the charge 
submerged in water. With the barrel 
operating at 26 r.p.m., the burrs are 
removed in about 10 min. 

Bronze and steel parts are de- 
burred in a similar mixture but the 
time required is longer, from 1% 
hr. to as much as 8 hr. if burrs are 
heavy and tough. Nonferrous parts 
often require no other tumbling 

(Continued on p. 692 
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BURRELL 
BOX- and MUFFLE 
aurea) 


HIGH TEMPERATURE “UNIT-PACK- 
AGE” ELECTRIC BOX and MUFFLE 
FURNACES for melting, sintering, 
heat treating, ignitions, etc. 


Write for Bulletins 315 and 515. 


BURRELL 
TUBE FURNACE 


HIGH TEMPERATURE “UNIT-PACK- 
AGE” ELECTRIC TUBE FURNACES 
for determination of carbon or sulfur 
by combustion and for experimental 
or production purposes. 


Write for bulletin 310. 





Meet a 1/GHT-WEIGHT champion.. 


Inconel pusher trays 
still going strong on a job that 
licked heavier furnace trays! 





Fabricated Inconel pusher trays carrying au 
tomobile parts through continuous heat-treat 
ing furnaces. The best life of previously-used 
trays averaged nine months. The {abricated 
Inconel trays have been in use over one year 


@ Furnace production increased 


@ Tray life increased Inconel pusher tray designed and 
fabricated by BROWN -HUTCH 
INSON IRON WORKS, Detroit, 
Michigan 


@ Maintenance costs reduced 


These substantial benefits are what a large automo- 
bile manufacturer gained by switching to fabricated 


Inconel* pusher furnace trays. 


Previously-used trays weighed from 114 to 198 
pounds each. The fabricated Inconel trays weigh only 
86 pounds...a weight saving 28 to 112 lbs. per tray. 
Based on average net load of 400 pounds this repre- 
sents a gross weight saving of 5 to 19% over previous 
equipment. 


Even more important—these lighter-weight fabri- 
cated Inconel trays last longer, with correspondingly 


reduced replacement and maintenance costs. 


This fine performance record is even more remark- 
able when the severity of service conditions are consid- 
ered. During the heat-treating of automobile parts, the 
trays are subjected to temperatures as high as 1650 
F., followed by oil quenching. 


i, 


The furnaces, which are gas-fired and non-atmos- 
phere in type, present high-temperature corrosion prob- 
lems. Add to these punishing conditions the consider- 
... up to 540 
pounds load plus 2000 pounds thrust from the hydrau- 
lic pusher mechanism .. 


able mechanical forces acting on the trays 


.and you have service condi- 
tions that demand inconel plus good fixture design. 


Brown-Hutchinson Iron Works are designers and 
fabricators of these pusher trays. They, like other lead- 
ing fabricators, specify Inconel because of Inconel’s 
outstanding performance record and desirable com- 
bination of physical characteristics ... thermal durabil- 
ity, corrosion-resistance, high hot and cold strength, 


workability, economy. 


For further information about pusher trays made of 
Inconel, write directly to: Brown-Hutchinson Iron Works, 
1831 Clay at G. T. R.R., Detroit, Mich 


"Reg. U.S Pat. OF 


svct The International Nickel Company, Inc. 
67 Wall Street, New York 5, N. Y. 


INCONE. une long life at high temperatures 
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(Starts on p. 625) 
after deburring, but steel parts are 
tumbled in twice their volume of 
hardwood sawdust in an open, 
heated barrel for 10 min. to dry 
quickly and retard rusting. 


Applications and Limitations 


As stated previously, tumbling is 
not recommended for completely 
finishing any and all metal parts. 
Tumbling is not suitable for com- 
plete shaping of parts or for major 
cutting jobs. All heavy flash should 
be previously ground off or re- 
moved with a trimming die. 

Tumbling is, however, applicable 
to a much greater variety of work 
than is generally realized. The most 
important single factor is the shape 
of the parts, primarily because of 
the way in which the pieces “flow” 
during the tumbling operation. The 
best applications are those in which 
the weight of the parts is evenly 
distributed. Large pieces are less 
likely to be amenable to tumbling, 
although racking has brought much 
work into tuinbling which was 
formerly considered impossible. 





Some shapes are to be avoided: 
flat plain objects of large area; 
hollow shapes which require high 
interior finish; parts with deep- 
cored recesses; also, parts having 
one very heavy section which might 
cause them to fall always in the 
same position during tumbling. 

The method of manufacture also 
helps to determine the number of 
steps required to achieve a suitable 
finish by tumbling. Deep tool marks, 
bad fins, accidental scars from han- 
dling, and similar markings may 
require uneconomically long tum- 
bling cycles. 

In general, it is most economical 
to tumble parts ranging from % to 
4 in. in diameter; on these, tumble 
finishing can often show a saving 
of 50% over buffing. The greatest 
savings are obtainable by simulta- 
neously deburring and polishing 
small pieces, especially those having 
irregular contours, such as are com- 
mon in die castings. Among such 
parts are fishing tackle, watch, 
clock, jewelry and radio parts. How- 
ever, large parts are also tumbled 
successfully, deburred and prepared 
for plating, such as windshield 
wiper parts, automobile parts (in- 
cluding door handles) and plumbing 
hardware. (Continued on p. 694) 





HIGH TEMPERATURE 
ELECTRIC 
FURNACES 


HOU-.30240-NT-28 Wire Annealing Furnace 


BRIGHT ANNEALING of stainless steel 
wire can be quickly and easily accom- 
plished in a Harper Electric Annealing 


ASSAYING 

ANNEALING 

BATCH MELTING 
BRAZING 

CERAMICS 

HEAT TREATING 
RESEARCH 

SINTERING 

SPECIAL APPLICATIONS 


Furnace in which accurate temperature 
and special atmosphere control assures 
an evenly fired product. 

The above photograph shows a special 
Harper Furnace built to meet our cus- 
tomer’s 
strands of stainless steel wire in hydrogen. 
Write for data on Harper Annealing Fur- 
naces and if you have a specific research 
or production problem send us your re- 
quirements and our engineers will be glad 


requirements for annealing 30 


to design and quote on special equipment 
for you. 


HARPER ELECTRIC FURNACE CORPORATION 


1458 BUFFALO AVENUE, NIAGARA FALLS, W. Y. . 


Representatives in Principal Cities 
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in METAL WORKING 
and METAL PROCESSING 


bt 


SPERRY 
Ultrasonce 
REFLECTOSCOPE 


The REFLECTOSCOPE is the quick- 
est, most economical means of de- 
termining soundness of raw mote- 
rials before and after processing. 
it finds and indicates voids, inclu- 
sions, fatigue cracks and other 
discontinuities in materials, The con- 
dition of the metal is shown instan- 
taneously on the ultrasonic screen. 
No time lost working defective 
metal. Affords a higher degree of 
quality control. Investigate the 
benefits of the REFLECTOSCOPE for 
your application today. 


ASK ABOUT OUR LEASE AND 
COMMERCIAL TEST SERVICES 


SPERRY PRODUCTS, INC. 
Danbury, Connecticut 
PHONE: Danbury @-3581 


ALSO MANUFACTURERS OF HYDRAULIC 
CONTROLS AND SELF-SEALING COUPLINGS 











Utilize Wheelco’s famous electronic link — the 
instrumentality which responds instantly to help make 
your present production or process equipment more 


efficient — more valuable! 


Used in the Capacilog strip chart recorder, Wheelco 
instrumentality gives you fast, simple and precise 
permanent recording — plus indication and control of 
temperature, speed, static strain loads, AC-DC voltage, 


amperage and other electrically measurable factors. 


Now you can have a permanent record of your process 
variables — and at any time easily remove any portion 
of the record for inspection, comparison or filing. You 
can now simplify supervision and at low initial cost 


have an accurate continuing check on your operations. 


Remember, instrumentality, whether used in the 
Capacilog or other Wheelco instruments, assures user 
benefits in production control and uniformity of 
product — savings in time and fuel and ease of 


maintenance and service. 


When specifying instruments, specify Wheeleo — get 
the electronic link, the instrumentality, for efficiency 


Portable Potentiometer and economy. 























Write for Bulletin 2-6500, 
Wheelco Instruments Compony, =r y 


Pane'mount Capacitro! 835 W. Harrison Street, Chicago 7, Illinois 


WwW heelco Gh}) electronic controls 
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Send for this 


BROCHURE 


YOU WILL FIND IT 
VALUABLE FOR 
READY REFERENCE 


This brochure, file catalogue size 
8% x 11", contains needful facts 
and information on Brinell hard- 
ness, ductility, compression, ten- 
sile, transverse and hydrostatic 
testing machines and proving 
rings. Also information on special 
testing equipment. You may at 
some time want to have quick in- 
formation on physical testing equip- 
ment and this catalogue in your 
files makes such information avail- 
able to you immediately. 

7 ) 

See our Exhibit at A.S.T.M. 

Convention, Atlantic City, June 26-30 








TestingMach a 


8835 Livernois « 


Detroit 4, Mich. 


Without obligation send me your brochure 
on testing instruments. Also special folders on 
following types (check your interest): 

(_] Duetility 

(_] Tensile 

(_] Hydrostatic 

[_] Proving Rings 


[_] Brinel! Hardness 


(_] Compression 
(_) Transverse 


NAME 


TITLE 


Attach coupon to your letterhead 
and mail 
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Parts with male and female 
threads can be deburred. Sharp 
crests are rounded slightly in proc- 
essing, but there is usually no meas- 
urable change in pitch. Similarly, 
gear teeth can be deburred with no 
change in the pitch and profile of 
the teeth. 

One of the interesting advantages 
of the tumbling process for die cast- 
ings which are intended for subse- 
quent plating is that pores and 
microscopic holes beneath the sur- 
face are not exposed as they may 
be by wheel grinding. 

Parts which, because of their 
complicated shapes, are difficult to 
polish on the wheel (such as a food- 
chopper worm) can be tumbled by 
a two-step operation, giving a good 
surface. 

In a sense, the tumbling process 
is a challenge to the designer. Con- 
sideration given to this process in 
the design of component parts will 
result in faster and less costly fin- 
ishing. Parts should be as free as 
possible from sharp corners, large 
flat surfaces and recessed areas. 
They should be shaped to permit 
the processing medium to reach all 
points equally well. Smooth radiused 
edges can be maintained within 
relatively narrow limits. Proper 
balance, the avoidance of any lop- 
sidedness where one section of the 
part is much heavier or larger than 
its opposite is important. In addi- 
tion, continuity of large surfaces 
should be broken up whenever 
possible by lines, fluting or some 
simple design pattern. 


References Acknowledgment is 
made to the following for material 
used in this article: 

N. G. L. Russell, Technical Direc- 
tor, Multifinish Mfg. Co., Detroit, 
author of the section on tumbling 
and barrel finishing, in the Platers’ 
Guidebook for 1948. 

Lupomatic Industries, New York. 

“Dry Tumbled Finishes on Die 
Castings”, Die Castings, Nov. 1948. 

“Surface Preparation Procedures”, 
Die Castings, Oct. 1946. 

Barrel Tumbling Manual, 
erick Gumm Chemical Co., 
N. J. 

Roto-Finish Co., 
Mich. 

Hans Weiss, author of the paper 
“Some Aspects of Deburring and 
Polishing in Barrels”, presented at 
the Annual Conference of the Elec- 
trodepositors’ Technical Society, 
April 8, 1949. 6 
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D. A. STUART'S 


Reduces Cost of 


Machining Spindle 
Gears by 50°% 
ROTATING barbed spindles 
in the International Harvester 
cotton icker are the mechan- 
ical “fingers” which pluck 

cotton in modern fields. 

In cutting SAE 8640 gears 
for these spindles on Gleason 
Revacycles, a dilution of 
Stuart's THREDKUT 99 re- 
duced oil costs by 50%. 

On the spindle broaching 
operation, done prior to 
barbing, this same Stuart 
product is performing with 
excellent results. The spindles 
are C1117 steel, hardness 83 
on the Rockwell B scale. 

On standard or special 
operations you will find that 
Stuart cutting fluids plus 
Stuart service are the combi- 
nation that will reduce your 
costs. Ask for literature. 


2743 S. Troy St., Chicego 23, 


Dil Co. 








MANWAY 
NECKS 
AND 
NOZZLES 


@ In ever increasing numbers, designers and users of process vessels 
in many fields—food, beverage, point, pharmocevtical, oil, etc.—ore 
turning to Lenape for preferred 


LENAPE 


TYPE SR 


variations in stondord manway 
necks and nozzles. 

Construction employs stondord 
Type ® Necks or Nozzles with 
covers, hinge or davit, and tog- 
gie bolts. 

Special bronze trim for marine 
use, babbit joint for spark proof 
service, view or somple ports, 


etc. ore provided when specified 


Send for 
mew catalog 9-49 


Top Unit: Standard SR Neck with Quick 
opening somple port. Lower Unit: $8 
Neck frome only, with toggle bolts 
end special hinge for flome borrier 
screen lid instolled by purchaser. 


LENAPE HYDRAULIC PRESSING & FORGING CO. 
DEPT. 109 WEST CHESTER, PA. 


wm @ 





Columbia 


poole) yak 


COLUMBIA TOOL STEEL COMPANY 








= At last! a truly accurate 
Surface Pyrometer at low cost! 





All-Purpose Surface 
Pyrometer 
Here's good news for plants Low As 
and laboratories who've told us 
they wanted « low-cost, rugged $ 
instrument that will give ac- 
surface and sub-sur 
tempersture readings 
all operating condi: 
The — Tyno Surface Pyrometer is quick 
ing. and fool-proof no special experience needed 
to operate it De 4” dal 
Temperatures at a glance! 
Determines temperature of minute 
spots, fast moving objects or smallest 
streams—eccurately. eee Ne cor- 
rection charts or ies 
Easy to operste—weighs only 3 ibs. 
Special types available to show true 
spout and pouring a aw ot 


molten metal in = tem- 
perature na ite ee * MEE 


Catalog No 


THE PYROMETER 
INSTRUMENT COMPANY 


Plant and Laboratory 
Bergenfield 8, N. J. 
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Today It's 


Help you save those needed $$$ 


Commercial heat treaters and manufacturers every- 
where are buying the Thurner CARBO-CLEANER to 
reduce the costs involved in the hours spent in the re- 
moval of undesirable materials from used carburizer. 
CARBO-CLEANER is a compact, low-priced, auto- 
matic carburizer cleaning machine designed to fit 
into today’s planned economy. 
CARBO-CLEANER is simple to use ... the used 
earburizer is dumped into a hopper, it is then fed 
automatically into a rotary drum and passed over 
23% feet of screen. All undesirable material is com- 
pletely removed and the rejuvenated carburizer re- 
turned clean and aerated, ready to use again! 
CARBO-CLEANER is economical in cost . . . eco- 
nomical in operation .. . economical because it will 
reduce the pitting and waste of heating time caused 
by insulating dirt! 


WRITE FOR COMPLETE DETAILS! 





sh gop ENGINEERING co 


BO WES 
MILWAU 


ONAl 


Page 695 











The next few weeks 
may be the most important 
in your life 


Between May 15th and July 4th, you can make 
a move that may change your life, regardless of 
your age. During these seven weeks of the U.S. 
Treasury's Independence Drive, you can lay the 
groundwork for making your fondest dreams 


come true 


The next decade will be one of the greatest 
America has ever seen. The opportunity of a life- 
time will come to millions——it can come to you 


The opportunity to start your own business. To 


buy a share in the business you're now in. Even to 
take a job that pays less at the start 
tremendous future. 


but has a 


Don't let your opportunity pass because you 
were financially unable to grab it! 


If you are not now buying U.S. Savings Bonds 
automatically, this is the time to begin. If you are, 
sign up for extra bonds. Sign up and buy up all 
you can. That golden opportunity in the 50°s may 


be the “one in a lifetime” for you—be ready for it! 


Contributed by this magazine in co-operation with the Magazine Publishers 


of America as a public service 
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J PLAN TO INSTALL 
gU2ZEp 


Reg US. Pat Ort 


INDUSTRIAL Goa EQUIPMENT 


NO BLOWER or POWER NECESSARY 
- just connect to gas supply 


ene: or 
tes resets esse 
Send for the complete ‘‘BUZZER"’ Catalog 


CHARLES A. HONES, rnc 


123 Se. Grand Ave. Baldwin, L.t.. N.Y 








E20 DYNA-CATH 


magnetic mercury cathode 


DYNA-CATH accelerates and does a more 
thorough job in the analytical separation of 
metals, particularly for the determination of 
aluminum in steel, aluminum in tinc base 
alloys and many others. For example, DYNA- 
CATH quantitatively removes 5 grams of iron 
from 100 ml. of electrolyte in 60 minutes. 
A magnetic circuit creates rapid stirring and 
draws ferromagnetic metals, as they are formed, 
beneath the mercury surface. If you use 
“standard” mercury cathode cells, streamline 
with a DYNA-CATH. If you have avoided 
using mercury cathodes, you will want the 
efficient, speedy DYNA-CATH. Write for 
Bulletin 220-1 for complete details. 


Cll. i 


ANN ARBOR. MICH. are 
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COLUMBIA ELECTRIC MFG. CO 











Keep Your Product 
on the move 


METAL CONVEYOR BELTS 

can help offset increased production costs by keeping your 
products on the move. . . increasing your hourly production ! 
The right metal belt for your job means longer operating 
periods between maintenance shutdowns, longer belt life, 
greater economy! 


Ashworth Engineers and Builds all 
Types of Wire Belts for Industry. 


ASHWORTH BROS., INC. 


METAL PRODUCTS DIV. « WORCESTER, MASS, 


welt FoR 
ALUSTRATED 
CATALOG 47P 


Soles Engineers located in ***ole * Shcove ~ Clevelond + Deon 


Los Angeles + Mew York « Pitebergh + Seattle 
Conedion Rep, PECKOVER'S LTD. . Terente Montrec!l Hollies Winnipeg . Vencowver 
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5 Experts Tell You The 
Essential Facts About — 


Magnesium 


A Symposium by 5 Authors—L. M. Pidgeon, pro- 
fessor and head of department of metallurgy, Univer- 
sity of Toronto; John C. Mathes, dev J 
Dow Chemical Co.; Norman E. Woldman, chief metal- 
lurgical —— Eclipse-Pioneer Div., Bendix Aviation 
Corp.; Rg Winkler, metallurgist, Dow Chemical Co.; 
and W vs. Loose, metallurgist, Dow Chemical Co. 





Based on five educational lectures, the book discusses 
magnesium structural design as to weight-saving possi- 
bilities, allowable working stresses, and comparisons with 
other structural metals in columns, beams, tubes and 
fabricated structures. 


Magnesium casting, alloy additions, types of castings, 
foundry practices, heat treatment, metallography, machin- 
ability, welding, impregnation, surface finishes and prop- 
erties. 


Wrought alloys are discussed from the standpoint of 
composition, fabrication methods, drawing, press methods 
and controls, rubber forming, drop hammer methods, and 
such joining methods as riveting and arc, gas and re- 
sistance welding. 


266 pages .. 6x9 .. 188 illus. red cloth .. $3.50 


BOOKS on 
NONFERROUS METALLURGY 


FIVE OF THE LEADING VOLUMES PUBLISHED 
ON THIS SUBJECT WILL HELP YOU KEEP 
ABREAST OF MODERN DEVELOPMENTS. 





A Thorough Treatment Of One Of The Earliest 
Metals To Be Found And Used By Man 


Copper and Copper Alloys 


By Owen W. Ellis, Director, Dept. of Engineering and 
Metallurgy, Ontario Research Foundation, Toronto 


TABLE OF CONTENTS 


The Metallurgy of Copper... Ores... Recovery .. . Reduc- 

tion . . . Pyro-Metallurgy . . . Crushing and Concentration .. . 

Furnaces . . . Melting of Copper and Its Alloys . . . Factors 

which Determine Melt Quality . . . Complex Alloys of Copper and 

Zinc . . . Influence of Ferrous and Nonferrous Metals on Brass 
. Other Alloys of Copper. 


175 pages .. illustrated .. 6x9 .. red cloth .. $3.50 























IF YOUR FIRM CONSUMES BRASS, 
THEN YOU SHOULD HAVE 


Cold Working of Brass 


By L. E. Gibbs, Technical Advisor, Rome Div., 
Revere Copper & Brass, Inc. 


While the book touches on the problems arising in the 
brass mill—the producer's problem—it is mostly con- 
cerned with the troubles that may arise in the consumer's 
plant, and that may be cured by a slight change in the 
treatment of the metal. It is confined more to metal- 
lurgical problems than to the mechanical problems. 

Individual chapters are given over to discussion of 
hardness and grain size, effect of cold working and an- 
nealing, of minor changes in chemical composition, the 
testing and inspection of brass strip and brass cups, 
typical manufacturing problems (as exemplified by the 
production of 20 mm. cartridges), and the cause and cure 
of season cracking. Book features illustrations in natural 
color of the microstructure of the principal copper alloys. 


112 pages ... 6x9 ... red cloth .. . $250 











“An Excellent Book . . . We Consider It A 
Very Fine Addition To Our Extension Library” 
—UNIVERSITY OF SOUTH CAROLINA 


The Story of Magnesium 


By W. H. Gross, Member Technical Service Dept., 
Dow Chemical Company 


The Story of Magnesium has been written in simple 
phraseology. This volume has been reader-tested and 
is within the educational range of high school students 
and workers in industry. The author is a recognized 
expert in his field. Authoritative, factual, scientifically 
accurate, readily understood and interesting. New tech- 
nical terms are referred to the glossary, where they are 
readily defined. Each chapter has a series of questions, 
with page locations of the answers. Suitable for use as 
self-educational material, as supplementary reading, and 
as texts for plant courses. To aid instructors, the illustra- 
tions have been made into a film strip which is available 
at low cost rental from the publishers. 


272 pages .. 54,x7% .. red cloth .. net price .. $2.00 














The American Society for Metals 
7301 Euclid Avenue 
Cleveland 3, Ohio 


Please send me the following @ books 
Magnesium 
Copper and Copper Alloys 
Cold Working of Brass 
Story of Magnesium 
Physical Metallurgy of Aluminum Alloys 
NAME TITLE 
COMPANY 
ADDRESS 
CITY ZONE STATE 


BILL COMPANY BILL ME CHECK ENCLOSED |, 250 pages. .6x9. . 165 illus.. .red cloth. .$5.00 





Physical Metallurgy of 
Aluminum Alloys 


A Series of Educational Lectures 


TABLE OF CONTENTS 


y err of Aluminum Alloys”, by 
Physical Metallurgy Division, 
) eR, , a; Laboratories; “Metallography of 
Aluminum Alloys”, by F. Keller, Chief, Metallography 
Division, Aluminum Research Laboratories; ‘‘Commer- 
cial Aluminum Casting Alloys”, by W. E. Sicha, 
Assistant Chief, Cleveland Research Division, Alumi- 
mum Research Laboratories; “‘Commercial Wrought 
Aluminum Alloys”, by J. A. Nock, Jr., Assistant 
Chief, Physical Metallurgy Division, a Re 
search Laboratories; “Thermal Tr 
Alloys”, by E. H. Dix, Jc., Assistant Ro of Re- 
search, Aluminum Company of America. 
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A New Book on... 


Machining 


Theory and Practice 


* 


This 600-page volume 
is the result of a series 
of thirteen lectures pre- 
sented during the Metal 
Show in Cleveland, 
Ohio, October 15-21, 
1949. 


Metal Cutting 


Metal Cutting 
Research 


Cutting Fluid Theory 
Macrostructure of 
Metals by Machining 
Materials and 
Machinability 


for maximum protection against 


HIGH TEMPERATURES + ACIDS + GASES - CORROSION 
There ere thousasnd of “hot spots” in industry where PYRASTEEL parts 
provide an extra margin of serviceability end low maintenance cost. 


PYRASTEEL is P ee alloy with ofme quelities for 

ind to 2000 ° F., and for withstanding 
andl Ceoauthaind cs Gicis ematanial acids, “and corrosive gases. 
PYRASTEEL insures record end: and y in such aes 








Metallurgy and eppiestion os es furnace parts, carburizing equipment, conveyor 
Machinability ear A poy Cat ged senting equip t EVANSTEEL i is 
Tool Steels 


Cemented Carbide 
Tool Materials 

Heat in Metal 
Cutting 

Machinability of 
Rolled Steels, Forgings 
and Cast Iron 





Tool Life Testing EVANSTEEL 
Metallurgical Aspects ee 
of Grinding 

Economics of 


Machining 


PYRASTEEL 
OFF THE PRESS SOON Drag Chain 


Order Your Copy Early 
600 Pages 6x9 $6.50 


* 


AMERICAN SOCIETY 
FOR METALS Write for PYRASTEEL Bulletia 
CHICAGO STEEL FOUNDRY CO. 


Kedzie Avenue and 37th Street . Chicago 32, Illinois 
Makers of Alloy Steel for Over 40 Years 






































7301 EUCLID AVENUE 
CLEVELAND 3, OHIO 
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EF Radiant Tube Gas-Pired Pusher Type Purnace 
at American lron and Machine Works Company, Ohleboma City 


Gas Carburizing 


and other heat processing 


@ Taper taps, valve assemblies, overshot slips and 
mills — of 1020,1035, 3140, 4620, 4815 and 8650 steels —- are being 
heat treated and gas carburized economically and uniformly in the EF 
furnace shown above, by the American Iron and Machine Works 


Company of Oklahoma City. 


Several different heat processing operations requiring different 
cycles — are handled in thé same equipment; which consists of an EI 
gas-fired radiant tube pusher type furnace, equipped with endothermic 
gas generator, automatic quench, oil conditioner, heat exchanger, 


washing machine and draw furnace. 


The user reports a greatly improved product; much improved 
production control and decreased costs. Let the EF engineers, with 
their wide experience in all fields of heat treating, work with you 


on your next job. 


THE ELECTRIC FURNACE CO. 


GAS FIRED, OIL FIRED AND ELECTRIC FURNACES Y Ly yy 
FOR ANY PROCESS, PRODUCT OR PRODUCTION ii 











oo 
ARISTOLOY 
STEELS 


© ARISTOLOY 


STANDARD STRUCTURAL ALLOY 
BEARING QUALITY + ALLOY TOOL STEELS 


SPECIALTY + NITRALLOY | | mer 


CARBON TOOL « STAINLESS 
MAGNAFLUX — AIRCRAFT QUALITY 


COPPERWELD STEEL COMPANY, warren, onio 


117 Liberty Street 1578 Union Commerce Building 529 Fisher Building 


New York, New York Cleveland, Ohio Detroit, Michigan 


176 W. Adams Street 7251 General Motors Building 3104 Smith Tower 
Chicago, Ilinois Detroit, Michigan Seattle, Washington 


?. O. Bex 1633 403 W. Eighth Street Monadnock Building 
Sen Francisco 5, Calif. 


Tulsa, Oklahoma Los Angeles 14, Californie 





